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Discovered at the contacts of the giant thermoelectric power before,
because their magnitude did not fit into the thermoelectric theory, and their
reproducibility was low, were attributed to "anomalous." The use of
contacts obtained by microelectronics technology, namely, p-n junctions
and asymmetric potential barriers, made it possible to obtain high
reproducibility of the effects that were identified as thermoelectric. A large
series of studies carried out on silicon p-n junctions showed that the EMF
arising on the optically and electrically shielded barrier in the initial

section is proportional to the magnitude of the heat flux. These thermo-
EMFs, commensurate in absolute value with the photo-EMF (without an
optical screen at the same p-n junction) but having the opposite sign (on a
constant flux) or the opposite phase (at the harmonic one) were described
by injection of the main carriers of the hotter p-n junction and were called
local thermo-EMF in accordance with the local production of entropy by
Ilya Prigogine. The work is aimed at growing artificial structures to create
highly efficient thermoelectric converters based on local thermo-EMFs.
Key Words: Thermoelectricity; Contact effects; Production of local
entropy

INTRODUCTION

The history of "anomalous"-contact thermo-EMFs
The roots of thermoelectric anomalies lie in the history of
thermoelectricity itself. The Seebeck effect was discovered in 1821 by T.I.
Seebeck. But the question of what they measured at the contacts of the
electromotive force: what they are, contact or volumetric, did not initially
rise. Everything indicated that this is a three-dimensional property of the
material. And they began to consider-on contact thermo-EMF of volume
of a material is shown.

The Peltier effect was discovered by J. Peltier in 1834. And initially,
beginning with the work of the watchmaker Peltier, who is fond of
physics, this reverse thermoelectric effect, due to the fact that it is
measured at contacts, was considered to be contact effects.

The Thomson effect was discovered by William Thomson in 1851 and the
Benedics phenomenon (in the terminology of Tautz) were recorded as
independent (additional), although they are a consequence of previously
discovered Seebeck and Peltier effects, but with small concentration
corrections in initially homogeneous materials. These effects were
considered to be volumetric, although they were also measured at contacts.

Onsager received a fundamental thermodynamic relationship [1], the
principle of symmetry of the kinetic coefficients, directly indicating the
volumetric character of the thermoelectric effects being investigated, in
this respect, similar electrical conductivity and thermal conductivity.
However, in the theory of thermoelectricity for a long time there was a
confusion between the contact and volumetric thermoelectric phenomena
proper. So there have been attempts to calculate the thermoelectric power
from the contact potential difference [2,3].

These attempts did not bring success. And the analysis of the contact
phenomena necessary for the analysis of semiconductor devices was
singled out in a separate direction [4], which does not take into account the
temperature gradients. And thermoelectricity was isolated in some
independent direction [5], in which the difference in temperature at
different contacts was considered, and not the temperature difference at the
boundary of the same contact. In the pioneering work [6], Professor
Anselm considered the limiting case-the separation of the boundaries of
one contact by a vacuum gap, in which thermal effects cannot be

neglected. This pioneering work resulted in a new thermoemission
direction, where the thermoelectric effects observed at large temperature
gradients were described qualitatively well by the Langmuir and
Richardson models.

However, these models did not even provide a qualitative description of
the spurious thermoelectric power observed sporadically at the contacts
and gave negligible currents. Therefore, they were attributed to the
anomalous [7]. And although the "vacuum" semiconductor model was
useful for small volume thermoelectric power [8], attempts by Mahan and
his followers to optimize many contact-multilayer barrier structures in
these representations [9-11] did not bring much success, the base of
Richardson's formula was given by negligibly small currents.

Thus, historical confusion in the definitions of thermoelectric parameters
and the inability of the theory to describe contact thermoelectric effects
and sent them to the category of anomalies.

Experimental observation of thermoelectric
"anomalies"
The difference between the experimental results of thermoelectric power
measurements and the predictions of the simplest, but traditionally used in
thermoelectric production, is cautiously pointed out long ago. Thus,
according to the data [12], at low temperatures, with an increase in the
mean free path of electrons, a change in the thermoelectric power is
observed with a change in the geometry of even homogeneous, pure
samples (Figure 1) and, correspondingly, the density of heat flux through
it.

But the electrical engineer, with incomplete higher education, but who
knows mathematics well and personally launched the production of the
first point-turn Ge-transistors at the same time as Bell (for which he was
immediately awarded the title of Doctor of Technical Sciences, and later -
the title of professor at the American University) Jan Tautz, not could be
limited to the simplest thermoelectric models when designing their
transistors. And in his classic book for photo-energetics [7], the results of
his own measurements of anomalous, which depend on the method of
measuring the thermoelectric power (Figure 2), are presented and various
variants of their description are considered.
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Figure 1) The change in the temperature dependence of the
thermopower of weakly doped silicon with a change in the cross
section of the sample.

Figure 2) Measurement of anomalous thermoelectric power in
germanium soldered to a radiator with a temperature T ': a-a point
contact is used at the temperature T ", b-a plane contact is used at the
temperature T", a is the difference between the curves a and b. It
follows from [7].

So, the giant thermoelectric power observed later occasionally at the
contacts was attributed to the anomalous yet by Tauz during the
investigation of the first p-n junctions formed by him. And for correct
explanation of these anomalous thermoelectric power it was necessary to
return again to p-n junctions, in which Tauz found them, but which until
recently were not found in strict explanation and, as a consequence, were
not taken into account either in transistors or photodiodes. While the
unobscured Tautz, even in the first experiments, their influence on the
properties of semiconductor devices was noted and tried to give them a
rigorous mathematical description.

Qualitatively, the appearance of significant temperature drops at micron
potential barriers is knitted with the absorption and release of a giant
energy of the order of the height of the potential energy barrier per
electron. Taking into account the difference in temperature on the p-n
junction plates, precision measurements showed a displacement of
current-voltage characteristics, similar to their displacement in the
photoelectric effect, but in a diametrically opposite quadrant (Figure 3).
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Figure 3) The bias CVC of the ideal diode by the photo-force and the thermal force in diametrically opposite quadrants (a) and generated in quadrants,
where the current and voltage are opposite to the phase, the power (filled in gray in figure b). From the paper [13].

Theoretical descriptions of thermoelectric
"anomalies"
In fact, even Tautz, in an attempt to explain the thermoelectric
"anomalies", introduced a model of barrier thermoelectricity [7], in
parallel with Andrei Ivanovich Ansel'm [7], and a model of concentration
thermoelectricity (using previously recorded effects of Thomson and
Benedict). But neither the predecessors of Tautz, nor himself, nor
numerous followers/developers of his models, did not take into account
two principal points (noted and taken into account in my last works).

First, the fact that barrier effects and concentration effects are
phenomenologically related and cannot be correctly described separately.

And secondly, in the framework of the traditional phenomenology of
thermoelectricity, which is limited to the consideration of two equations of

coupling between two thermodynamic forces and two flows: electrical and
thermal, the concentration force and flux are, in the first approximation,
thrown out of consideration-there is only one independent, by the Onsager
symmetry principle, cross-ratio/effect Seebeck/Peltier.

And, as a consequence of these two reasons, all previously used models
for describing "anomalous" thermo-EMFs, in principle, are applicable
only to the description of small corrections, but not as for giant deviations
in the first approximation from the traditional thermoelectric effects of
Seebeck/Peltier. In order to describe giant local thermo-EMFs in the first
approximation, and not as corrections (small) to diffuse thermoelectricity,
the initial account of the concentration force [13] and the expansion of
phenomenology [14] (Figure 4).

Figure 4) A complete system of phenomenological equations in the canonical form: the yellow thermoelectric system of equations is highlighted in
yellow, all the members of the equations (effects) ejected in the first approximation by traditional thermoelectric phenomenology are emitted.

This theoretical "anomaly" also imposed an anomaly on giant local (in
particular contact) thermo-EMFs, whose existence was actually "solved"
by Ilya Prigogine, introducing the concept of local entropy production
[15].

A calculation of the probability of a spatial transition showed (Figure 5),
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Figure 5) Consideration of spatial electronic transitions (marked by 
arrows) under the action of an electric field within the framework of 
the standard law of dispersion of free electrons that the electron flux 
over the potential barrier is concentrated at the lower energy level 
nearest the barrier ceiling [16].

Figure 6) Dependence of the electron velocity increment on their
initial thermal velocity. The potential difference for adjacent curves
differs by a factor of 2.

It is this "electronic condensate", which gives currents several orders of
magnitude greater than the currents of Richardson and has translated
"anomalies" into actually observed local thermo-EMFs. This result not
only completely closed the question of the measurability of local thermo-
EMFs, but also showed a higher efficiency of devices based on them than
on traditional diffuse thermoelectricity, which reached its theoretical limit
[13].

An investigation of micro-structured materials up to nano-level has shown
that without directional anisotropy of the medium, both micro- and nano-
structuring gives simply a new efficient macroscopic medium [17,18] all
with the same macroscopic limitations of the efficiency of thermoelectric
energy conversion. While a correct separation of the bulk and thermo-
electrical properties of the material itself [19,20], it was possible to
construct a fundamentally new thermoelectric medium [21]. Traditional
theoretical macroscopic prohibitions on the existence of a thermoelectric
power in the proper contact region were removed in the works of Ilya
Prigogine on the production of local entropy [15].

Longitudinal thermoelectric effect across the film.

A longitudinal thermoelectric effect along thin films has been used for a
long time, in particular, for some detectors. However, the small diffuse
effects of Seebeck and Peltier were rightly thrown out of consideration

when constructing the elements of electronics. In addition, the skeptical 
attitude of specialists in the field of traditional thermoelectricity to 
measurements of the thermoelectric power across the film is also based on 
the concepts of volume kinetic coefficients, on the formal representation 
of an infinitesimal temperature drop on the semiconductor structure itself 
and, consequently, on the negligibly small integral thermal-EMF of the 
film. With this traditional approach, the formation of potential barriers at 
the film boundary is thrown out of consideration, which in itself gives 
other thermo-EMFs, and no less important, giant thermal effects at the 
film boundaries, in order of magnitude, corresponding to energies per 
electron of the order of height of the potential barrier (Figure 6).

However, the conducted cycle of studies of contact thermo-EMF [21-23],
named according to Prigogine's representations by local thermo-EMFs,
confirmed both the high-voltage character of the thermoelectric power at
the micron scale and the high efficiency of energy conversion on the basis
of local thermo-EMFs [24].

Moreover, even the simplest energy diagram of the film device, even
without taking into account the barrier effects at the semiconductor/metal
boundaries, indicates the determining contribution of contact thermo-
EMFs whose model based on the contact potential difference has long
been described [3]. But for a correct description of the operation of the
device element on the basis of "anomalous" thermo-EMFs, it is necessary
to calculate the magnitude of potential barriers both at the metal-
semiconductor interface and at the boundaries within the semiconductor
structure and take into account the ballistic contribution to the formation
of local thermo-EMFs.

Thus, it is precisely on the thin films used across the heat flux that the
contact potential difference works, whereas on thick films the large
contribution of the bulk diffuse thermoelectric power is determined. On
the basis of this technology, it will be possible to create a higher-voltage
and more efficient energy converter than suggested [25], and possibly
more efficient than real photo-detectors [26].
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