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The thermo-emf anisotropy Ao and the thermoefficiency parameter Z, are the most important
characteristics that determine the suitability of thermoelectrically anisotropic materials for their practical
use. The first of these characteristics determines the voltage generated by the anisotropic thermoelement,
and the second one determines its efficiency coefficient. In this work, the features of changes in the
thermo-emf anisotropy and the thermoefficiency parameter of the elastically deformed germanium and
silicon crystals at 85 K depending on their doping level were investigated. It was revealed that in the case
of a low doping level, the thermo-emf anisotropy of the deformed n-Si crystals exceeds Ao of n-Ge
crystals more than 4 times. It was shown that a rapid decrease in Aa. for n-Si is observed with an increase
in the doping level. A qualitative similarity is obtained between the changes in the thermoefficiency
parameter for elastically deformed germanium and for silicon with an increase in the charge carrier
concentration; although in the case of n-Ge the maximum Z, is much larger and is achieved at the higher
doping level than in the case of n-Si. The results obtained can be useful in calculating various effects
based on the theory of anisotropic scattering in a wide range of concentrations.
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thermoelectric figure of merit ZT e is
determined by the differential thermo-emf o, electrical
conductivity o, and coefficient of thermal conductivity y
of the material. The magnitude of Z, having the
dimension of the reciprocal temperature, which depends
only on the physical properties of the material of the
thermoelectric converter, is sometimes also called the
thermoelectric figure of merit or the thermoefficiency
parameter of the material.

Effective thermoelectric materials must
simultaneously be characterized by high electrical

cT/y
. Introduction

In recent years, the task of increasing the efficiency
of conversion of thermal energy into electrical energy
has gained particular importance in connection with
pressing problems caused by global climate change.
Thermoelectric modules that directly convert thermal
energy into electrical energy are gaining wider practical
application and can play a key role in solving these
problems [1-3].

Today, quite complex requirements are being put
forward to modern electronic equipment materials, on the
basis of which thermoelectric converters are made. These
requirements apply equally to both the electronic and
phonon subsystems [4,5], since the dimensionless
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conductivity and low thermal conductivity. It is believed
that due to the high thermal conductivity, which
increases with decreasing temperature, n-Ge and n-Si
multi-valley semiconductors are not suitable for
thermoelectric applications in the low temperature range
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(T'<300K), and for anisotropic thermoelements these
semiconductors (as thermoelectrically-isotropic
materials) are not applicable, in principle [6]. However,
under conditions of strong uniaxial elastic deformation,
the thermo-emf anisotropy appears in these crystals
[7,8].

The most important characteristics that determine the
suitability of thermoelectrically anisotropic materials for
their practical use are the thermo-emf anisotropy and the
thermoefficiency parameter. The search of new methods
for creating of the thermo-emf anisotropy is due to a
number of circumstances: i)the number of
thermoelectrically anisotropic materials is quite limited;
ii) the value of the thermo-emf anisotropy of these
materials in the range of room temperatures usually does
not exceed 200 - 300 uV/K [9]; iii) in the case of a
decrease in temperature, their anisotropy of thermo-emf
decreases (and in some thermoelectrically anisotropic
materials it even changes of sign [9, 10]) and at 150 -
200 K it is only a few tens of wV/K. Therefore, it was
advisable to use the ability of directed elastic
deformation to significantly increase the thermo-emf
anisotropy in order to study the thermoelectric
characteristics and find out the possibilities of using
deformed n-Ge and n-Si crystals with different charge
carrier concentration for thermoelectric needs.

The goal of this work was to establish the features of
changes in the thermo-emf anisotropy and the
thermoefficiency parameter of the uniaxially elastically
deformed n-type germanium and silicon, depending on
their doping level.

Il. Experiment

The studies were carried out on n-Ge crystals with an
electron concentration in the range of
11.8x 108 <n. <2 x 10®¥ cm= and on n-Si crystals in
the range of the charge carrier concentrations of
1.9 x 10%¥ < ne < 2.6 x 10%* c¢m3. During the research, we
used an installation that had been tested for many years
[11] and which made it possible to smoothly set and
remove the mechanical compressive stress in the range of
0<X<1.2GPa on the studied samples, which had the
shape of parallelepipeds with dimensions 1 x 1 x 12 mm.
The uncertainty in determining the crystallographic
orientation of the samples did not exceed 15'. Particular
attention was paid to the fulfilment of the plane-
parallelism of the opposite faces, in particular for the end
sides of the specimen, to which the load was applied, the
deviation did not exceed 3. To create a temperature
gradient VT, a gradient furnace with bifilar winding by a
constantan wire, mounted on one of the sample ends, was
used. To reduce the change in the average temperature of
the sample, which is set by the ambient temperature, the
temperature gradient on the sample did not exceed
5 deg/cm. To minimize convection and transverse heat
fluxes in the measuring cell with a sample, its volume
was pumped out to ~1.3Pa (102mmHg). The
experiments  were conducted under conditions

X || j,VT|[001] in the case of n-Si and under
conditions X || j,VT|[111] in the case of n-Ge
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(where | is the current density that was passed through

the sample when measuring the tensoresistance px/po and
the electrical conductivity o; VT is the temperature
gradient that was used in the study of the thermo-emf o
and the tenso-thermo-emf ox/oe at 7=85K). The
tensoresistance of the crystals was measured at 7= 77 K
using a current generator, which made it possible to carry
out experiments with samples whose conductivity
changed significantly. The temperature difference during
the determination of the thermo-emf and the thermal
conductivity was measured using copper-constantan
thermocouples soldered to the lateral faces of the sample
(at a distance of about 4 mm from each other). The
thermo-emf was determined from the potential difference
on the copper contacts of the thermocouples. For
germanium samples, contacts and thermocouples were
soldered using tin. In the case of silicon, the contacts
were deposited using the Au+Si eutectic (unsaturated Si)
at a temperature of 450 °C, after which copper wires or
copper-constantan thermocouples were soldered by tin to
the created contacts. The contacts to the samples were
tested for ohmicity at both room and nitrogen
temperatures. Since the thermal conductivity under the
conditions of the experiments was practically
independent on the value of uniaxial elastic deformation,
this coefficient was determined only for the case X =0.
The electrical conductivity o, mobility p, and charge
carrier concentration n. were determined from
measurements of the Hall effect and specific resistance.
Measurement of the tenso-thermo-emf in saturation was
carried out in the case of applying mechanical stresses of
X >0.6 GPa, which ensured the complete migration of
carriers from four (three) valleys for n-Si (for n-Ge),
ascending in the energy scale under the influence of
deformation, into two (one) valleys that descend. The
thermo-emf oo was measured in the absence of
deformation (X = 0). Differential preamplifiers were used
to measure the potential difference on the electrical
contacts of the test sample and thermocouples, the output
signal of which was input into a computer using an
interface board with analog-to-digital converters for
further processing and analysis.

It should be noted that in the text of article, the index
(0) denotes the magnitudes that were measured in the
absence of the mechanical load on the sample (at X = 0).
The index (w«) denotes the magnitudes that were
measured at such values of the mechanical stress
X > 0.6 GPa that bring these values to saturation. Results
and discussion

Under ordinary conditions, in the conduction band of
undeformed n-Ge there are four equivalent isoenergetic
ellipsoids, each of which contains no = 0.25 n. electrons,
where ne is the total charge carrier concentration in the
conduction band of the crystal. Such germanium crystals
are called the four-valley crystals (Fig. 1, a). When a

mechanical compression stress (X || j ||[111]) is

applied to the n-Ge sample in the crystallographic
direction [111], charge carriers are redistributed between
the valleys that are displace (in the energy scale) in
opposite directions (one valley goes down, and three rise
up). Such a redistribution of carriers leads to an increase
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Fig. 1. The shape and arrangement of surfaces of constant energy: a — for the four valleys of the conduction band,
oriented along the symmetrically equivalent crystallographic directions (111) in n-Ge; b — for six valleys of the
conduction band, oriented along directions (100) in n-Si.

in resistivity with increasing pressure X. Under
conditions of not too high temperatures (7'< 90 K) and
when X >0.6 GPa is applied to the sample, all free
charge carriers pass on to one minimum of energy, which
coincides with the direction of the deformation axis.
Thus, the strong uniaxial elastic deformation transfers the
n-Ge crystal from the four-valley to the single-valley
state.

Under ordinary conditions, n-type silicon has six
isoenergetic ellipsoids in the conduction band (Fig. 1, b).
The application of strong (X > 0.6 GPa) uniaxial elastic
deformation in the crystallographic direction [001]
transfers the n-Si crystal from the six- to two-valley state,
which contributes to the emergence of the thermo-emf
anisotropy Aa. in the presence of the electron-phonon
drag. In this case, the value of Ao can reach
20-30mV/K at T=85K, as the experiment showed.
Such values of Aa are 100 - 200 times greater than the
corresponding values of the thermo-emf anisotropy of the
most common materials, which are characterized by
natural thermoelectric anisotropy.

In the elastically uniaxially deformed crystals, when
X > 0.6 GPa, the electrical conductivity is described by
the tensor:

s, 0 O
6: O GJ_ 0 y
0 0

S

where o) and o are the electrical conductivity along and
across the long axis of the isoenergetic ellipsoid,
respectively. The thermo-emf tensor has a similar
structure:

a, 0 O
&: 0 (IJ_ 0 y
0 O

o

where oy and o are the thermo-emf along and across the
long axis of the isoenergetic ellipsoid, respectively.

In order for the thermo-emf anisotropy (the
difference in the components of the thermo-emf along oy
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and across o the long axis of the isoenergetic ellipsoid)
to be nonzero (Ao = oy — oL = 0), it is sufficient that the
inequality m; —m. = O was realized, where mj and m_ are
the longitudinal and, accordingly, transverse effective
masses of the electron in the isoenergetic ellipsoid. But
even at my = my, the thermo-emf anisotropy in silicon and
germanium can appear (that is, Ao # 0) only when the
electron-phonon drag effect manifests itself.

A typical view of the dependences of tensoresistance
pxlpo=f(X) and tenso-thermo-emf aux/ow =@ (X)
obtained on n-Si and n-Ge crystals is shown in Fig. 2.

Thermoelements, depending on the principle of
action, can be divided into ordinary (or isotropic)
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Fig. 2. Dependences of the longitudinal tensoresistance
px/po =T (X), measured at 7= 77 K on crystals: 1 —n-Si
(psook = 100 Ohm-cm; X || J [I[001]); 2 - n-Ge
(psook = 0.75 Ohm-cm; X || J ||[111]); and the tenso-

thermo-emf ox/ao = @ (X), measured at 7=85K: 3 —
n-Si.
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and anisotropic  (created on the basis of
thermoelectrically anisotropic crystals). The
thermoefficiency parameter Z of the ordinary

thermoelement is determined by the thermoelectric figure
of merit of its branches [12]:

2
oy +o
7 = 1 2 , (1)
Lcl/,/Zl +02/1/ZZ}
herewith
leﬁai-zzzgagn 2
A1 X2

(Zi, i, oi and y;, where i =1 or 2, are the thermoelectric
figure of merit, thermo-emf, electrical conductivity and
thermal conductivity of the corresponding branch of the
thermoelement).

The thermoefficiency parameter of anisotropic
thermoelements is determined mainly by the thermo-emf
anisotropy:

Z, == (Aa)’, ®3)
4%

where Ao = aiji — ok IS the thermo-emf anisotropy, which
is determined by the difference in the principal values of
the thermo-emf tensor (wii and ou); & and % are the
certain combinations of components of the tensors of
electro- and thermal conductivity, which depend on the
spatial distribution of vortex currents and heat fluxes.
The view of these combinations depends both on the
properties of the semiconductor, and on the design of the
thermoelement based on it.

For an anisotropic thermoelement and some types of
the vortex thermoelements [13], the combination of the
components of the tensors of electro- and thermal
conductivity included in (3) can be represented as:

061 Xt AL @)
o +0, 2
where o and y; (i = || and L) are the main values of the
tensors of electro- and thermal conductivity. Then
expression (3) will look like this:
G“GJ_ (X”—(IJ_)Z
Z,= :

o +0, 2y

The possibilities of increasing Z, can be seen from
the expression (5). Thermoefficiency can be increased
either by reducing the thermal conductivity, or by
increasing the thermo-emf anisotropy Aa = oy — oL, or
by increasing both oy, and o..

The values of o)=1/p;=1/p~ were measured
directly on n-Ge and n-Si crystals, strongly deformed
along the crystallographic directions, respectively [111]
and [001]. Here py is the resistivity along the long axis of
the isoenergetic ellipsoid; p- is the resistivity at
X>06GPa and X || J |[[111] (for n-Ge) and

X || j II[001] (for n-Si). The values of o. were
calculated by the formula:
1
(300—0“): (6)

GJ_ = E
where op is the specific electrical conductivity of the
crystal at X=0. The value of the thermo-emf anisotropy

=2

1%:

©)
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was calculated according to the procedure described in
[13].

We take into account that the phonon of" and the
electron (diffusion) a® components of the thermo-emf are
additive, and Aa in the region of impurity conductivity
(i.e., under the conditions of one kind of carriers, even in
the case of a strongly pronounced anisotropy of their
effective mass) is determined only by the anisotropy of
the phonon component of'=o-o° (a is the
experimentally measured thermo-emf).

The thermo-emf anisotropy in cubic crystals is
determined by the difference in the components of the
phonon constituent of the thermo-emf along and across
the long axis of the isoenergetic ellipsoid, i.e.

Aa=ay—a, =af"-af". The electron component of
the is calculated by the formula

* 3/2
2+In2 2zm hk3T } [7], where n. is the

e

thermo-emf

_ k[
charge carrier concentration; e is the electron charge; k is
the Boltzmann constant; T is the temperature; h is

e
Planck's constant; m”=N?%3/m m? is the effective
mass of the density of states; N is the number of

ae

isoenergetic  ellipsoids: in  the case of n-Ge
4 at X=0 ]
= - , in the case of
1 at X>0.6GPa, X |[111]
6 at X=0

n-Si N = R )
{ 2 at X >=0.6GPa, X|[00]]

The thermo-emf anisotropy Ao was determined from
the results of the measurements of thermo-emf, tenso-
thermo-emf, and tensoresistance in accordance with the

formula
1
‘“‘5“)[1+RJ’

where K =L — 3Py 1 is the anisotropy parameter
i 2 po

of mobility; po and p. are the resistivity of the
undeformed crystal (at X = 0) and in saturation (under the

conditions of X>0.6 GPa, X || | || [001] for n-Si and at
X>06GPa, X || J |I[111] for n-Ge); af =04 —of

afh

0

Aa= 0

and af" =0, —a® are the phonon components of the

thermo-emf and tenso-thermo-emf in the undeformed
and deformed samples, respectively.

The values of Zy and Z. were calculated using
expressions of type (2), and the value of Z, was
calculated using expression (5). The main characteristics
of the germanium and silicon studied samples are shown
in Figs. 3-7, where oo, Zo and o, Z» are the values of
thermo-emf and thermoelectric figure of merit of
undeformed (indicated by index 0) and strongly
deformed crystals («); Ao and Z, are the thermo-emf
anisotropy and the thermoefficiency parameter of the
anisotropic thermoelement based on the strongly
deformed n-Ge and n-Si.

The thermal conductivity of silicon at 85 K is about
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Fig. 3. Dependences of the thermo-emf oo = ao(ne) (1)
and the tenso-thermo-emf o = ae(Ne) (2) for n-Si at
T=85K.
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Fig. 4. Dependences at 7'=85 K of the thermoelectric
figure of merit on the doping level of n-Si crystals in the
absence Zo (1) and in the presence Z. (2) of strong
uniaxial elastic deformation.
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Fig. 5. Dependences of the thermo-emf anisotropy

Ao=f(ne) for n-Si (X || j [|[001]) (1) and n-Ge

(X |l 7 1IT111]) (2) at T =85 K.

30

25+

20

15+

Aa., mV/K

10 -

18 19

10

11.5 W/ecm K [15]. In the case of increasing the doping
level to the maximum value (of the studied ones), a slight
decrease in thermal conductivity was observed due to
some increase in the phonon scattering efficiency on
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impurities, which could only positively affect the values
of Z and Z,.

Fig. 3 shows that the dependence aw(ne) (curve 1) in
the range of the charge carrier concentrations
6 x 10 <n. <6 x 10 cm= has a weakly pronounced
“plateau” due to the combined manifestation of the
ordinary mechanism of the thermo-emf formation with
the effect of electron-phonon drag. In the studied range
of ne concentrations, in the case of applying a strong
deforming force X>0.6 GPa to n-Si, both the tenso-
thermo-emf a. (Fig. 3, curve 2) and the figure of merit
Z» (Fig. 4, curve 2) increase significantly, in comparison
with the thermo-emf o and the figure of merit Z, in the
absence of mechanical load (at X = 0). The fall-off in the
values of Zo, Z» (Fig. 4) and Z, (Fig. 6, curve 1) with an
increase in the carrier concentration n. above
7 x 10% cm is associated with a sharp decrease in the
thermo-emf o in the range of ne>7 x 10 cm= (see
Fig. 3).

Comparison of curves 1 and 2 in Fig. 5 shows that in
the case of a low doping level, the thermo-emf
anisotropy of uniaxially elastically deformed n-Si
crystals exceeds the anisotropy of n-Ge crystals more
than 4 times. However, with an increase in the doping
level, a faster decrease of Aa is observed for silicon
crystals than for germanium, and when the charge carrier
concentration is of the order of 3 x 106 cm 3, the values
of the thermo-emf anisotropy for both crystals almost
coincides.

The thermo-emf anisotropy that occurs in the region
of electron-phonon drag in the case of elastic

deformation of n-Si crystals (X || VT [001]) and
determines the sensitivity of the anisotropic
thermoelement exceeds Ao of the traditional
thermoelectrically anisotropic materials by about two-
three orders of magnitude (see [9], p. 278). The analysis
of the results obtained (see Fig.6) showed that
anisotropic thermoelements can be created based on the
strongly uniaxially elastically deformed n-Si crystals at
85 K. Such thermoelements will have a sensitivity of
about two-three orders of magnitude higher, and the
coefficient of efficiency is not worse than in
thermoelements created on the basis of other known
thermoelectrically anisotropic materials.

As follows from Fig.5 (curve 2), the thermo-emf
anisotropy of uniaxially deformed n-Ge with increasing
the concentration decreases from 6400 uV/K at
ne=18x10%cm3 to 800 uV/K at ne=2x10¥c3
However, despite the fact that Ao monotonically
decreases (with an increase in the doping level of
crystals) and Z, ~ (Aa)?, the thermoefficiency parameter
Z, with increasing the concentration ne in the studied
n-Ge samples (approximately to ne = (2 - 3) x 10* cm3)
grows (Fig. 6, curve 2). Such specificity of the change in
Z, is related to the fact that in the studied concentration
range, the specific electrical conductivity of crystals
increases by about 10* times at the thermal conductivity,
which decreases simultaneously. A further decrease in Z,
with an increase in ne above 4.6 x 10" cm is associated
with a sharp fall-off in the thermo-emf anisotropy in the
region of such high concentrations.

From the obtained results it follows that the
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uniaxially elastically deformed n-Ge at 7=85K has
sufficiently high values of the thermo-emf anisotropy Aa
and, probably, the highest thermoefficiency parameter Z,
from among the known thermoelectrically anisotropic
materials [9].

A feature of the change in curves 1 and 2 (Fig. 6) is
the passage through a pronounced maximum with a
subsequent decrease in the thermoefficiency parameter
with increasing the charge carrier concentration. Fig. 6
shows the qualitative similarity of the shape of the
dependences Z,=2Z,(ne) for the uniaxially elastically
deformed n-Si and n-Ge crystals (curves1l and 2).
However, the maximal value of the thermoefficiency

parameter for germanium  ZS8 =7.9x10°K!
(curve 2) is 6.5 times higher than the maximal value of Z,
for silicon Z>' . =1.22 x 10° K (curve 1). Herewith,
the maximum Z, for n-Ge is observed at a significantly

higher doping level (ne~2 x 10 cm™3), than for n-Si
(e =~ 6.8 x 10'° cm3).

-4
= b
— 107k Masi,,
= CrSi, ]
- [ Zn,,Cd, ,Sb
Nq
107k 7e
- Cd
107E2 . . . . .
1012 1013 1014 1015 1016 1017 1018 1019

-3

n,, cm

Fig. 6. Dependences Z,=f(n;) at 7=85K for n-Si
(X || j IIT001]) (1) and n-Ge (X || j [I[111]) (2). The
marks on the scale are Z, for known thermoelectrically
anisotropic materials (see [9], p. 278).

The values of Z, of the most used thermoelectrically
anisotropic materials were marked (for comparison) on
the y-axis in Fig. 6. It was established that, despite the
high thermal conductivity, which grows in n-Si with
decreasing temperature, these crystals (in the elastically
deformed state) can have a thermoefficiency parameter
comparable with the similar parameter of the most used
thermoelectrically anisotropic materials.

To solve a number of applied problems (in
particular, when creating the anisotropic thermoelements
based on the uniaxially elastically deformed n-Si,
operating in a wide temperature range), it is necessary to
have the information about the temperature dependences
of thermoelectric characteristics. The temperature
dependencies of the thermo-emf anisotropy (curve 1) and
the thermoefficiency parameter (curve 2) were presented
in Fig. 7 for n-Si crystals (ne=1.75x 10**cm=3). The
dependences of the known thermoelectrically anisotropic
materials Zn,Cd;«Sb [10] and CdSb [9] were also
exhibited for comparison in the inset. In these materials,
at the temperatures above the room, the thermo-emf
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anisotropy arises due to the presence of several kinds of
carriers (at one scattering mechanism) [8]. At low
temperatures, the thermo-emf anisotropy is due to the
presence of several scattering mechanisms for CdSb or
the effect of the drag of electrons (with anisotropic m”)
by phonons for Zn,CdixSh. In the elastically deformed
n-Si in the entire temperature range studied (from 80 to
360 K), the thermo-emf anisotropy is caused by the
action of only one mechanism, associated with the effect
of the drag of electrons (with anisotropic effective mass)
by phonons. With decreasing temperature, the
determinative role of the effect of electron-phonon drag
ensures an increase in the thermo-emf anisotropy in n-Si.

Fig. 7 shows that in the entire temperature range
studied, the thermo-emf anisotropy, which determines
the sensitivity of the anisotropic thermoelements to the
temperature gradient of the elastically deformed silicon,
significantly exceeds Aa. of the known thermoelectrically
anisotropic materials. Thus, in the low temperature range
the thermo-emf anisotropy of the deformed silicon is
more than two orders of magnitude higher than the
anisotropy of the ordinary materials of the highest class
in the absence of deformation (0.2 mV/K) and it reaches
of values of the order of 24 mV/K. And even at high
temperatures, the thermo-emf anisotropy of the deformed
silicon is more than three times higher than the maximal
values of Ao of the best thermoelectric materials in the
absence of deformation (Fig. 7, curves1 and 2 in the
inset).

The dependence Z,=Z,(T) (Fig. 7, curve 2) was

calculated by formula (5) using the results of
25 I
[ 110°
¥ 20
> [
E [ —
4151 M
Elj - 110”7 “
5 | N
[ [
3 10 I
< I
I E 10®
5 -

200 300

T,K

100

Fig. 7. Dependences of the thermo-emf anisotropy
Aa = oy —our (1) and the thermoefficiency parameter Z,
(2) on the temperature for the uniaxially elastically
deformed n-Si (ne=1.75x10%cm?3; X || j || [001]).
The inset shows the dependences of the thermo-emf
anisotropy Ao = oz —as3 on the temperature for

thermoelectrically anisotropic materials Zn,Cd;xSb (1)
and Cdsb (2) [9, 10].
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measurements of the temperature dependences of the
corresponding parameters. The analysis of the obtained
results showed that the strongly deformed n-Si is a good
low-temperature thermoelectrically anisotropic material.
In the temperature range studied, it has a sufficiently
high thermoefficiency parameter Z,, which increases
significantly with decreasing temperature (due to an
increase in Aa (Fig.7, curvel) and electrical
conductivity (from 1.42 x 102 Ohm*.cm™ at 320K to
1.11 x 10t Ohm*.cm? at 85K, as the experiment
showed)).

Since the thermoelectric characteristics of the most
used materials deteriorate significantly with decreasing
temperature [9], it can be concluded that the uniaxially
elastically deformed germanium (one-valley) and silicon
(two-valley) are unique thermoelectrically anisotropic
materials that characterized by the high values of the
thermo-emf anisotropy Ao and the quite acceptable
values of the thermoefficiency parameter Z,.

Conclusions

As a result of the carried out experiments, the
following conclusions can be made.

1. Peculiarities of changes in the thermo-emf
anisotropy Aa and the thermoefficiency parameter Z, for
uniaxially elastically deformed (at X> 0.6 GPa) n-Si and
n-Ge, depending on their doping level, were established.

2. It was revealed that in the case of a low doping
level (ne = 1.9 x 10 cm~3), the thermo-emf anisotropy of

the deformed n-Si crystals exceeds of the Aa value for
n-Ge crystals more than 4 times.

3. It was shown that with an increase in the doping
level, the Aa decreases rapidly for n-Si, and when the
charge carrier concentration is of the order of
3 x 10% cm®, the values of the thermo-emf anisotropy
for n-Si and n-Ge almost coincide.

4. A qualitative similarity was obtained between the
changes in the thermoefficiency parameter Z, = Z, (ne)
for uniaxially elastically deformed germanium and
silicon with an increase in the charge -carrier
concentration, although in the case of n-Ge the maximum
Z, is much larger (6.5 times) and is reached at the doping
level (ne = 2 x 10 cm™2), which exceeds by more than an
order of magnitude the corresponding doping level for
n-Si (ne = 6.8 x 10%° cm™3).

5. It was shown that uniaxially elastically deformed
n-Ge at 85 K has enough high values of thermo-emf
anisotropy, and its thermoefficiency parameter exceeds
Z, of most known thermoelectrically anisotropic
materials.

Gaidar G.P. — Doctor of Physical and Mathematical
Sciences, Senior Researcher, Head of the Department of
Radiation Physics.
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I'.I1. Taitgap

AHi3oTpomnisi TepMoepc i mapameTrp TepMoedeKTUBHOCTI MPYKHO
ne¢opMoOBaHMX repMaHilo | KPeMHII0 Pi3HUX PiBHIB JleryBaHHS

Inemumym soeprux docnioscens HAH Vkpainu, Kuis, Yxpaina, gaydar@kinr.kiev.ua

HaiiBa)xMBiIIMMU ~ XapaKTePUCTHKaMH, M0 BHU3HAYAIOTh IMPHIATHICTE TEPMOEJIEKTPUYHO-
aHI30TPONHHUX MaTepiajiB M0 IXHBOTO MPAKTHYHOTO BUKOPUCTAHHSI, € aHI30Tpomis Tepmoepc Ad i
napameTp TepMoeeKTUBHOCTI Z,. [lepina 3 X XapakTepUCTUK BU3HAYa€ HANPYTY, IO TEHEPYETHCS
aHI30TPOITHUM TEPMOEJIEMEHTOM, a Jpyra — Horo koedilieHT KOpHCHOI Aii. Y po0oTi mociikeHo
0coOIMBOCTI 3MiH aHi30Tpomii TepMoepc 1 mapamerpa TepMoe(eKTHBHOCTI MPYKHO Ae(GopMOBaHUX
KpHCTaJliB TepMaHifo 1 kpemHito npu 85 K 3anmexHo Bix piBHs iX jeryBaHHs. BusiBneno, mo B pasi
HU3BKOTO PIBHS JIETYBaHHS aHI30TpoIis TepMmoepc AepopMoBaHMX KpHUCTamiB N-Si mepeBumye Ao
kpuctanie N-Ge Oinbmie, HiKX y 4 pa3u. IlokazaHo, 1o 3i 3pOCTaHHSM pIiBHS JIeTyBaHHS
crocTepiraeTbest CTpiMKui cmanm Ao mrs N-Si. OmepkaHo SKICHY HOXIOHICTH 3MiH TapameTpa
TepMOE(EKTUBHOCTI ISl TIPYKHO Je(OPMOBAHUX FepMaHiIo 1 KPEMHIIO 3 IMiIBUIIEHHAM KOHICHTpaLii
HOCIiB 3apsy, Xo4a y BUMaAKy N-Ge MakcuMyM Z, 3HAYHO OUTBIIHIA 1 JOCATAETHCS MPU BUILIOMY PiBHI
JIETYBaHHS, HUK y BHIaAKy N-Si. OxepxkaHi pe3ynbTaTé MOXKYTh OyTH KOPUCHMMH IPH PO3PaXyHKAX
pi3HUX epEeKTiB Ha OCHOBI TEOPil aHI30TPOIHOTO PO3CiIFOBaHHS B ITMPOKOMY IHTEpBANi KOHIICHTpAITiii.

KonrouoBi cioBa: repmaniii, KpeMHill, piBeHb JIeryBaHHs, IpyXHa AedopMalisi, aHI30TPOIIsl TepMoepc,
napameTp TepMOe(hEKTHBHOCTI.
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