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INTRODUCTION
Because electronic devices become smaller
than before they were, first principle based nonequilibrium transport theory becomes applicable to
some of the important devices in nanoelectronics
nowadays. One of the examples is the resistive
random access memories (ReRAMs) whose device
length scale becomes smaller than 10 nano meter
(nm) [1]. First principle transport theory, however,
has some intrinsic limitations. Because it is based
on a ballistic transport theory, it cannot take into
account of scattering effects, heating effects, heat
dissipation effects and the hopping conduction
processes. All of these, however, have been a
matter of intense investigations among condensed
matter physics theorists. A theory describing all of
these has been developed recently. In this talk of
16th IWCE, I will describe the present status of the
theory in this respect.
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𝛴𝑒𝑝ℎ is the Keldysh component of the
electron-phonon self-energy, which may be
obtained by using the self-consistent Born
<(>)
approximation (SCBA) for example. 𝛴𝑅
is
the contact self-energy of the right terminal
which is obtained by using surface electron
Green’s function of the right electrode
terminal and the thermal equilibrium boundary
condition. Electrode terminals are supposed to
be thermalized and all the heat generetated by
the electron-phonon interaction is supposed to
be dissipated there. In order to take into
account of the heat dissipation effect on the
curret I, we take into account of phonon
current as well as electron current whose
schemes werer discussed in the reference [3].

APPLICATIONS
THEORY
Because paramagnetic electronic correlation
effect is mostly elastic, the largest contribution to
the heating effects may come from electronphonon interactions. [2] The interaction effects on
electric current I are described by the following
equation:
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The theory [3] has been tested in some cases of
single molecular junctions which are made of a
single molecule and two bulk electrodes. Break
junction techniques are applied to them and
statistical analyses of the resulting data are made.
Acurate experimental results comparable with the
theory are thus obtained. The local heating effect
[4,5], the cross over temperature dependence of
the conductance describing both the tunneling and
the hopping regions [6] and the zero bias anomaly
(ZBA) of electric conductance [7] have been
discussed. Good agreements between the
theoretical and experimental results affirm the
validity of the theory to describe low-energy
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transport physics and thermal physics of electron
and phonon. [5-9]
RESULTS
The local heating effect result and the ZBA result
are summarized in Figs. 1 and 2, respectively. As
we apply the bias voltage V, the effective
temperature 𝑇𝑒𝑓𝑓 defined in terms of the break
junction life time [5,8,9] increases with small
deviation from the estimate obtained by using bulk
4
phonon theory, i.e., 𝑇𝑒𝑓𝑓
∝ 𝑉 2 . The deviation
may come from the constriction effect on phonon
current. In Fig.2, the ZBA behavior emerging in
the inelastic tunneling spectrum (IETS: 𝑑2 𝐼⁄𝑑𝑉 2
vs V spectrum) is shown. While the growth of peak
and dip structures at positive and negative values
on the voltage axis whose absolute value
correspond to phonon energy is the well-known
feature of the IETS, the growth of a structure close
to V=0 is quite anomalous. This zero bias anomaly
has been observed experimentally. Our theoretical
results indicate that the ZBA comes from rattling
motion of the molecule in the gap between the two
electrodes. Our theory is capable to describe the
low energy transport physics of our junction.
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Fig. 1. The voltage dependence of the effective temperature

CONCLUSION
By including phonon transport as well as
electron transport, our theory treating electronphonon interaction within the SCBA can describe
low energy transport physics and thermal physics
problems including heat dissipation into the
thermalized electrodes. Our theory should be very
useful when it is applied to nanoelectronics
problems.

𝑻𝒆𝒇𝒇 estimated from the junction lifetime. The result agrees

with experimental results qualitatively.
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Fig. 2. The zero bias anomaly found in the IETS. The similar
anomaly has been found experimentally.
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