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Abstract
Thermal rectification is a physical phenomenon
where the resistance to heat flow is dependent on
the sign of the temperature difference across a
solid. This effect could be a useful phenomena to
many industries if it could be controlled and
optimized. However, experimental evidence shows
that thermal rectification is dependent on a large
number of competing factors. In addition,
theoretical models that allow thermal rectification
do not match measurements well largely because of
the complexity of the effect and the immaturity of
the models. Nevertheless, several mechanisms
(geometric, electronic, electron-phonon scattering
and anharmonic lattice vibrations) have been
identified as possible means to control interface
conductance at interfaces. Currently no evidence
exists that suggests that the difference in
conductance can reach one order of magnitude,
which is an arbitrary limit required to deem the
effect useful for engineered systems.
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Measurement error Interface phenomena are
dependent on many things such as load, material
treatment, interface preparation, interface
cycling, temperature, materials, etc. Therefore,
thermal rectification is difficult to verify.
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• The electron/phonon mechanism is based on
several not well understood parameters, so
magnitude of the effect is approximate.
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Conductance (using Fermi’s golden rule)
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S.L. Lee and C.R. Ou
geometric
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Metal-Insulator Interface

Phonon transmission Some non-symmetric feature
of the interface prefers phonon transport in a
given direction. Lattice dynamics and
anhamonicity is required to achieve an effect.
Can be geometry or material related.
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• Directional effect from quantum mechanics:
– Conductance is proportional to No + 21 ∓ 21 where No is the Bose-Einstein distribution and ∓ depends on
whether the the process is energy loss or gain.
– Heat flow from metal to insulator is an energy loss process and heat flow from insulator to metal is an
energy gain process.
– Effect is larger at low temperatures where No is small.
• Directional effect from confinement:
– A confined density of states (gC(Ee ± Ep)) could result in dramatic differences for energy loss and gain
processes.

• Because of dependence on many variables such as
temperature and load, exact magnitude of
rectification behavior is difficult to evaluate
(and model).
• Large amounts of thermal rectification are
difficult to achieve because of the incoherence
(randomness) of thermal transport.
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