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THERMOELECTRIC PROPERTIES OF SiGe WHISKERS
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Background. Si; (Ge, solid solution whiskers with low germanium content have maximum ratio of mobility to the phonon
thermal conductivity, which is promising for thermoelectrics. Thermal conductivity of SiGe nanowires is lower than of bulk
samples that is also prospective for improvement of thermoelectric figure-of-merit and development of high efficiency thermo-
electric microconverters. The temperature behavior of Seebeck coefficient of Si;,Ge, solid solutions whiskers in temperature
range from 4.2 K to above room temperatures was studied. Peculiarities of whisker shape have been successfully used to de-
termine their thermoelectric parameters, but these investigations were not conducted for SiGe solid solution whiskers.
Objective. The aim of the paper is study of possible influence of Si; Ge, whisker geometry on their thermoelectric parame-
ters.

Methods. SiGe whiskers were grown by CVD method in closed bromide system. The 3o method was used to determine the
temperature dependence of the thermal conductivity of Si;,Ge, (x = 0.01-0.05) whiskers in the temperature range 300-400 K.
Resistance of whiskers was measured by a two-probe method. The resulting I-U characteristics of cross-shaped growths were
used to determine the conductivity type of the whisker material.

Results. Seebeck coefficient and resistance was shown to increase, while thermal conductivity to decrease when the whisker
diameter drops from 100 to 10 pm, that is accompanied by a rise of figure of merit (up to 0.12 at 300 K). Use of the whiskers
with large obliquity leads to a small increase (of about 10-15 %) of their Seebeck coefficient.

Conclusions. Thermoelectric properties of Sij,Gex (x = 0.03) solid solution whiskers doped with B impurities to the concen-
trations 1-10'"~1-10"" cm™ were studied in temperature range 300-420 K. An influence of the whisker morphology, in particu-

lar their diameters and obliquity, on Seebeck coefficient, thermal conductivity and resistance was investigated.
Keywords: SiGe; whiskers; thermoelectric properties; Seebeck coefficient; thermal conductivity.

Introduction

Si;.4Ge, solid solution whiskers with low germanium
content have maximum ratio of mobility to the phonon
thermal conductivity, which is promising for thermoe-
lectrics [1-3]. Low values of thermal conductivity occur
in nanowires due to presence of size effect [4] connected
with phonon boundary scattering channel [5]. Despite
of SiGe is good high temperature thermoelectric mate-
rial, low thermal conductivity allows approaching high
values of thermoelectric parameters even at low tem-
peratures. For example, the thermal conductivity of sili-
con nanowires with diameters less than 30 nm and up to
115 nm were observed in the works [5] and [4, 6] in the
temperature range 20-100 K and up to 300 K, respec-
tively. The authors of work [6] have concluded that
quantifying the surface roughness is crucial to studying
of the phonon transport mechanisms and the thermoe-
lectric device creation. High ZT values of 2D silicon
structure could be obtained at room temperature by op-
timization of the doping level and effective surface pas-
sivation [7].

Use of facile conversion chemistry leads to en-
hanced thermoelectric performance [8] due to reduction
of thermal conductivity. The reduction of thermal con-
ductivity x of thermoelectric materials is connected
with possible their applications, it is also important for
sensors of physical values that operate based on ther-
moelectric effects, because the temperature gradient
should be maintained for their flawless operation.
Thermal conductivity of SijGey solid solutions is de-
termined by the element composition x [9-13], but it is
still high (minimum of 12 W/(mxK) for bulk Si,;Gey;
samples [9]. The dimensional features of samples, even
in micron-scale solids with large length-to-diameter
ratios, as whiskers, the x decreases for certain Ge con-
tent. Thermal conductivity of SiGe nanowires turns to
be 5 to 10 times lower than that of their bulk counter-
parts, approaching the theoretical amorphous limit [ 14—
17]. This is prospective for substantial improvement of
thermoelectric figure-of-merit of the nanoscale SiGe
and development of high efficiency thermoelectric mi-
croconverters [18, 19].
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We have studied in our previous works [20-22]
temperature behavior of Seebeck coefficient of Sij_Gey
solid solutions whiskers in low temperature range —
from 4.2 K to above room temperatures. The results
showed a slight difference of the whiskers parameters
from bulk materials. However, we have not considered
the influence of the whisker geometry and shape on the
thermoelectric properties, while it could be crucial as
mentioned above [6, 7]. Certain results were obtained
by us for Ge and Si whiskers, where it was shown that
peculiarities of whisker shape could be successfully
used for determination the whisker parameters [23, 24].
But investigations of the thermoelectric were not earlier
conducted on solid solution SiGe whiskers.

Methodology of experiment

SiGe whiskers were grown by CVD method in
closed bromide system [25]. The method provides the
growth of the whiskers with unique mechanical parame-
ters that widely used in sensors [26-28].

To adequately assess thermoelectric parameters of
Si; «Ge, whiskers in certain temperature range it is im-
portant to know the real value of the coefficient of
thermal conductivity x. As is known, the parameter is
highly dependent on the composition, degree of solid
solution perfection. Therefore, we have tested 3w meth-
od [29] to determine the temperature dependence of the
whisker’s thermal conductivity. The method consists in
the following. Electric current of a certain frequency is
passed through the whisker attached as a bridge on a
dielectric thermal conductive substrate. The current
heats the center of the crystal. Accordingly, the thermal
conductivity flows from the center to the ends along the
whisker axis. Heat flux at the air in these conditions can
be ignored because it does not exceed 1% of the heat in
the dielectric substrate. Solution of continuity equation
by imposing certain boundary conditions that limited
sample sizes and geometric value of the current flowing
through the sample, can be written as follows [29].

v V2IRR'L Q)
3w 4 ’
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where Iy is the current with frequency o, Vi, is a volt-
age with frequency 3m, R is the whisker resistance, R' is
a change in resistance with temperature, L is the length
of the crystal, S is cross-sectional area.
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Fig. 1. Schematic view of the setting for thermal conductivi-
ty measurements by 3w-method (solid lines) and for meas-
urements of Seebeck coefficient (dashed lines) of SiGe
whiskers. In the latter case, the part of whisker is heated by
current /, which is passed between two adjacent electrodes
(here, 3 and 4), and the thermo-e.m.f. AV induced due to
temperature difference AT is measured between the hot and
cold ends (here, 3 and /, respectively) [30].

Thus, the third harmonics voltage in the tested object
inversely depends on its thermal conductivity, and the
coefficient x can be easily derived from the measure-
ments of V3, signal developed between electrodes 2 and
3 (Fig. 1).

Thus, the voltage measured in the sample at a fre-
quency 3o is inversely proportional to the thermal con-
ductivity of the crystal. This method was implemented
to measure the thermal conductivity of Si;Ge, (x =
0.01-0.05) whiskers in the temperature range 300-400 K
[29].

The above-described setting has been used also for
the measurements of Seebeck coefficient « of oblique p-
type Si;xGe, whiskers (x = 0.01 — 0.05) with boron con-
centrations ranging from 10" cm™ to 10*° cm™. The hot
end has been heated by passing a current between two
neighboring contacts, which induced the Joule heating of
one of the ends, and the temperature was determined
from the known R(7) dependencies for studied SiGe
whiskers, as described in [21]. Since active direct heating
of whisker end was applied and a whisker-to-substrate
thermal contact area was negligible in comparison with
dimensions of virtually infinite substrate, the temperature
gradient AT along the crystal could be easily maintained,
even though the substrate was thermally conductive. To
elucidate the effect of obliquity on thermopower of
whiskers, the measurements were performed in such a
manner that in one case the thickest part (/ — 2) was
heated and in another — the thinnest one (3 — 4), as shown
in Fig. 1. Resistance of whiskers was determined by a
two-probe method, in which the readings obtained upon
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passing a current in two directions were averaged, and
the resistivity was derived accounting for an effective
cross-sectional area of oblique crystals. For measure-
ments of temperature dependencies of thermal conduc-
tivity, thermopower and resistance the designed setting
was placed inside the resistive furnace, and the tempera-
ture of the inset was determined by a thermoresistor at-
tached to the substrate.

One can propose another method for thermoelectric
parameters determination. The special conditions of the
whisker growth (temperature regimes, oversaturation in
gas phase, etc.) lead to creation of various aggregates
with cross-like and X-like shape. In the paper we pro-
pose to use the whisker structures for estimation of cer-
tain thermoelectric parameters.

First of all, one can determine a type of conduct-
ance of semiconductor. For this purpose I-U curve of
such cross-like aggregate should be measured. A
growth of two whiskers with asymmetrical cruciform
shape can be used. Applying a current to the longitudi-
nal and measuring the voltage on the tansverse shoul-
ders of the growth one can obtain C-type I-U character-
istics (see Fig. 2).

6 p-type

n-type

Fig. 2. I-U characteristics of Si-Ge whisker of p-type and n-
type conductance.

Interestingly, the potentials measured at certain dis-
tances from node growths were positive in materials of
p-type, or negative in n-type materials. Thus, the result-
ing [-U characteristics of cross-shaped growths can be
used to determine the conductivity type of the whisker
material.

Based on the studies it was developed method of
determining the thermoelectric parameters of whiskers,
which allows us to define other thermoelectric parame-

ters of the crystals, in particular a ratio of Seebeck coef-
ficient to thermal conductivity k/a.

According to the proposed method, current is
passed through a heating branch, namely two adjacent
cross-shaped contacts of growth; two others contacts 1
and 2 serve as a measuring branch. The main measura-
ble parameters were: 1) the potential difference U; and
U, between the ends of measuring branch and the node
of growth, 2) the impedance of measuring branch R;
and 3) the current through measuring branch .

Therefore, warming up the node of growth by cur-
rent I; creates two heat flows from the growth middle to
points 1 and 2 of the measuring branches that could be

recorded as W :ﬁATl and /8 zﬁ AT, (S- sectional
l l

1 2
area of the growth, /; and /, are the length of measuring
branch, respectively).

Taking into account that temperature gradients AT,
and AT, can be expressed due to value of thermopower
U=aAT, and U=aAT,, and the difference in heat flow
creates between points 1 and 2 an electrical power, we
get the equation

KS
L'R, == (nU,-U,), 2
ol
where n= [,/1,.
The equation (2) allows us to determine the ratio of
k/a.. The calculation were firstly successfully checked

for Si whiskers. The results are presented in the Table
1.

Table 1 Thermoelectric parameters of cross-like Si
whisker growths

I,mA |U,0-1|U, 0-2|R; Ohm |[; pA |«/a, |a/x,
heating [ mV mV resistance | heating | A/cm |cm/A
current | voltage | voltage | of measur- | current
dife- |dife- |ing branch
rence [rence
50 49.0 | 33.8 224 9.6 | 42 024
60 73.5 | 575 242 11.6 | 4.05 | 0.26

The data of Table 1 shows that obtained value of x
/o consists of 4.1. The value was compared with data of
[31] for bulk silicon at room temperature, which was
equal to 4.6. Therefore, the results evidences that good
agreement of our estimations with literature data was
obtained.
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Experimental results and discussion

Seebeck coefficient was investigated for Si;Ge, (x
= 0.03) whiskers doped with B impurity to concentra-
tion ranging from 10" cm™ to 10* cm™. Seebeck coef-
ficient values changes from 80 to 450 uV/K at room
temperature dependent on the impurity concentration.
Maximum value of o is found for whiskers with least
carrier concentration. In the whiskers doped to the con-
centration 10'® cm™ Seebeck coefficient increases from
440 to 500 pV/K in the temperature range 300-390K.
Seebeck coefficient of samples with concentration 10"
cm” consists of about 400 pV/K at room temperature.
When temperature increases weak enlargement of a. is
observed. Minimum o value is found for the whiskers
with holes concentration 10° cm”. At 300K
o =90uV/K.

The above methodological aspects allows us to es-
timate k and o for Si;Ge, (x = 0.03) whiskers in the
temperature range 280-400 K. Firstly we presented the
temperature dependence of Seebeck coefficient for the
whiskers with 10" cm™ (see Fig. 1). Then taking into
account the measured parameters of the whiskers
growth we have obtained the following temperature
dependences of coefficient of thermal conductivity (see
Fig. 1).

As it is obvious from Fig.1, the samples doped with
B impurity show temperature rise of Seebeck coeffi-
cient in the temperature range 300-400 K, slop and
magnitude of o being dependent on impurity concentra-
tion. Atoms of B are known to create in Si;.,Ge, (x =
0.03) forbidden gap shallow donor levels with ioniza-
tion energy 0.042 eV. At room temperature these levels
are completely ionizated. That is why character of a/(T)
dependencies in the measurable temperature range is
corresponded to weak change of Fermi level position in
the whiskers at temperature rise.

The obtained data of the whisker thermal conductivi-
ty (Fig. 3) are 3 times smaller than the correspondent
parameters for bulk silicon. It is unexpectedly large
change due to rather small composition of solid solution
(x = 0.03). So, the obtained data should be checked by
other direct measurement, in particular by 3m method.
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Fig. 3 Seebeck coefficient and thermal conductivity versus
temperature dependency for Si;.,Ge, (x = 0.03) whiskers with
p=1.10"cm”

The observed rather small values of the whisker
thermal conductivity are likely connected with peculiar-
ities of the whisker geometry. To investigate the possi-
ble influence of the whisker shape we have obtained a
size dependence of Si;Gex whisker Seebeck coeffi-
cient as well as its dependence on the whisker obliquity.

The dimensional dependency of Seebeck coefficient
for Si-Ge whiskers was measured for whiskers with
diameters ranging from 20 to 100 pum.

As it is obvious from Fig. 4, Seebeck coefficient of
the whiskers rises at the decrease of their diameters. We
have investigated the dimensional dependencies of the
whisker resistance. The dependency shows that re-
sistance rises at the whisker diameter decrease (Fig. 4).

As follows from our previous consideration en-
largement of o is observed in the whiskers with a de-
crease of their impurity concentration (increase of their
resistance). Thus, at the decrease of the whisker diame-
ters their impurity content decreases and correspond-
ingly their Seebeck coefficient rises as shown in Fig. 4.
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Fig. 4. Dimensional dependence of Seebeck coefficient
and resistivity of  Si;,Gey (x = 0.03) whiskers (T =300 K,
p=110"cm?)

One can obtain the similar dimensional effect when
the samples with various obliquities are used. So we
measured the Seebeck coefficient for the whiskers with
different diameters of their ends. Heating of thick end
of the whiskers gives substantially greater Seebeck co-
efficient as compared with the coefficient at heating of
thin end of the whiskers. The obtained results of See-
beck coefficient change at heating of different ends of
the whiskers (AT = const = 80 °C in the temperature
range 20-100 °C) are shown in table 2.

Table 2. Seebeck coefficient change (AT = 80 °C) in
Si;«Ge, (x =0.03) whiskers of various resistance and

obliquity
P,

K=Ad2A AU/U,
No Oglr;n Al, um | Ad, um | «100%
1| 006 | 13400 40 1.50-10° 14.1
2 | 0.03 | 14500 40 1.39-10° 11.3
31 003 | 6500 22 1.74-10° 9.6
4 1 0.002 | 5600 31 2.81-10° 5.1
51 0.002 | 4850 29 2.98:107 4.6
6 | 0.008 | 12200 45 1.85-107 4.6

As a rule, at heating of the thicker end of the
whisker an obliquity impact (positive sign of AU/U,
parameter) was more significant. Dependence of the
thermopower on the obliquity value K for different

whisker sets could not observable - decisive factor
plays a degree of the whiskers doping level.

Thus Table 2 shows that the greatest impact on the
relative change of thermopower should not be caused
by relative size of crystals but their resistivity. In fact
the biggest changes of thermopower (up to 15%) were
found in crystals with the highest resistivity of 0.06
Ohm cm, while the lowest one are their characteristic
obliqueness of 1.50-107.

Instead, the sample with the greatest obliquity of
2.98-107, but with the lowest resistivity of 0.002 Ohm
cm have rather small relative change in thermopower —
only 5%.

For further analyze of the impact of size effects one
can performe theoretical calculations of heat flow com-
ponents W, that could be presented as superposition of
the following contributions: W, is a flow through the
whisker; W, is a flow in the substrate; W3 is a convec-
tive flow in the air:

_ Kd,+K,d

w b AT +a,b (T, ~T,), (3)

where x; is coefficient of Si;«Ge, thermal conductivi-
ty; x, is coefficient of thermal conductivity of sub-

strate (0.233 W/mK) [8]; ar is convective coefficient of
heat transfer (100 W/m’K) [20] T, is ambient tempera-
ture (20 °C); Ter is an effective temperature of the
whisker surface (60 °C); d; — is an effective whisker
diameter (~ V/S), by is an effective width of the whisker
b, facet (b; = 2.6a, where a is the width of the whisker
facet, b, = 5a); [ is the whisker length; d, is substrate
thickness (210> m)

One can neglect by third component associated with
thermal radiation. According to the Stefan-Boltzmann
effect its average value amounted to ~ 310° W, which
is rather small value as compare with other contribu-
tions. The results of calculation are presented in Fig. 5.

As you can see, heat flux W,/W, called by heat con-
ductivity in the substrate, is almost independent on the
whisker width.

The other components are changed as follows. The
heat flux due to the whisker thermal conductivity W;/W
substantially drops when the whisker width decrease
from 100 to 10 um. Convective heat flux W3/W has
inverse dimensional dependence: it decreases exponen-
tially with the increase in the whisker size.

Thus, our calculations show that at decrease of the
whisker diameter from 100 to 10 pum the total heat flow
should decrease at 50% due to strong drop (in 3.5
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times) of Wi/W and an increase (in 2.3 times) of W3/W
components.
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Fig. 5. Dependencies of heat flow components versus the
width of the whisker:

1 - W,/W is the heat flux due to whisker thermal conductivi-
ty;

2 - W, /W isa part of the heat flux due to heat conductivity
in the substrate (the magnitude is x5);

3 - W3/W is the heat flux due to convective flow in air
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Fig. 6. ZT parameter versus diameter in Si; (Ge, (x = 0.03)
whiskers (T =300 K, n=1-10"" cm™)

Taking into account the obtained parameters one can
calculate ZT value for the whiskers. The dimensional
dependence of ZT for Si; Gex (x = 0.03) whiskers with
hole concentration p = 1-10" cm™ at T = 300 K is pre-
sented at Fig.6.

As you can see from Fig. 6, a significant rise of ZT
occurs at decrease of the whisker diameter down 20
wm. This fact is promising for further increase of the
whisker figure-of-merit when diameter becomes of
about nanometer scale.

Conclusions

The manuscript presents a study of influence of Si;.
«Ge, (x = 0.03) whisker geometry on their thermoelec-
tric parameters. The whiskers have the diameters
ranged from 10 to 100 pum, besides the whiskers with
obligaty Ad/2Al of about (1.5-3.0)-10~ have been inves-
tigated. The obtained results have shown that the
whisker resistance and Seebeck coefficient increases
when their diameters drops. The calculation of the dis-
tribution component of the heat flux along the whiskers
has shown that thermal conductivity decreases with the
diameter drop. The obtained results allow us to calcu-
late a figure-of-merit, that for thin (of about 10um)
whiskers with high boron concentration 1-10" cm™ ap-
proaches to 0.12 at room temperature. The value is ra-
ther high for Si-Ge solid solution: on one side, one can
approach ZT almost to 1.0 in the high temperature
range (900-100 K); on another side, one can suppose
substantial growth of the whisker figure-of-merit using
the nanoscale whisker diameters.
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pyascunin A.O., Ocmposcovkuii LIL., JIax-Kazyn H.C..

TepMoesieKTPUYHI BJACTHBOCTI HUTKONMOAIOHUX KpucTadiB SiGe

Ipo6aemaTuka. HuTkomoaiOHI KpUCTamM TBEpAOro po3unHy SijGeyx 3 HU3bKHM BMICTOM I'eépMaHil0 MarOTh MaKCHMa-
JIbHE BIIHOIICHHS PYXJIUBOCTI 710 (POHOHHOI TEIUIONPOBIIHOCTI, 110 MEPCIEKTHUBHO I TEPMOCICKTPUKH. TeIUIONpOBIAHICT
HaHOJPOTIB SiGe € HIKYOI, Hi’K 00'€éMHHMX 3pa3KiB, 10 € TAKOX MEPCIEKTUBHUM ISl TIOKPAICHHS! TEPMOCICKTPUYHOT 100-
POTHOCTI Ta PO3BUTKY BHCOKOS(HEKTHUBHUX TEPMOECIEKTPHUUHUX MIKPOKOHBEpTEepiB. BuBueHo TemmepaTypHy MOBeAiHKY Koedi-
nieHTa 3ee0eKa HUTKOMOAIOHMX KpHCTaliB TBeproro pozuuny SijGe, B niana3zoni temnepatyp Bin 4,2 K 1o temnepatyp Bu-
e KiMHaTHOI. OCOOIMBOCTI HUTKOTIOJIOHUX KPUCTAIB, 3yMOBJICHI 1X T€OMETPI€I0 YCIIIIHO BUKOPUCTOBYIOTHCS JUIsSl BU3HA-
YCHHSI TEPMOCJICKTPUYHUX MapaMeTpiB KPHUCTANIB, OJIHAK TaKi JOCIIHKCHHS HE MPOBOAMIUCH JUISl HUTKOTMOAIOHUX KPUCTAJIIB
TBepaoro po3unny SiGe.

Merta qociiigkeHb. BUBUCHHS MOXIIMBOIO BIUIUBY I'eOMETpii HUTKOMOAIOHUX kpucTanis Sij,Ge, Ha IX TepMOeIeKTPUUHI
napamMeTpH.

Mertoauka peanizauii. Hutkornoaioni kpuctanu SiGe BHPOILyBaJId METOIOM XIMIYHOTO OCA/KCHHS B 3aKPUTI OpoMi-
Hiil cuctemi. 3® Meroa OyJi0 BUKOPUCTAHO Ui BU3HAYCHHS TEMIICPATYPHOI 3aJIC)KHOCTI TETUIONPOBIIHOCTI HUTKOMOIIOHHX
kpuctainiB Si;Ge, (x = 0,01-0,05) B inTepBani temreparyp 300-400 K. Onip kpucTaiiB BUMIpIOBaJIK JBOX30HOBUM METO-
noM. OTpuMaHi BOJIBT-aMIEPHI XapaKTEPUCTUKH XPECTONOAIOHUX 3pOCTKIB OyIM BUKOPHUCTaHI U BU3HAYCHHS THUITYy MPOBin-
HOCTI Marepialy KpUCTalliB.

PesyabsTaTu gocaimkenn. [[ns HK SiGe miamerpowm Bix 100 mo 10 mp i3 3MEHIIEHHSIM iX TEIIOMPOBITHOCTI CITOCTEPi-
raeThbCsl 30UIbIICHHS KoedilienTa 3eebeka Ta onopy, 10 CYIPOBOIKY€EThCS MiBUIIECHHAM MOKa3HUKa sKOCTi (10 0,12 3a TeM-
nepatypu 300 K). BukopucraHHs HUTKOIIOIOHUX KPUCTAIB 3 BEJIMKOO KOHYCHICTIO, TPU3BOAMTE J0 HEBEJIHKOTO IiIBUIICH-
Hs 1X koedinienTa 3eedeka (0nu3bko 10-15%).

BucHoBku. J{OCIiIKEHO TEPMOENEKTPUYHI BIACTUBOCTI HUTKONONIOHUX KpHUCTaliB TBepHoro posuuny Si;Ge, (x =
0,03), neroBanux oMinIkoro 6opy 3 Kouuentpamiero 1-10'7-1-10" cm™ B inTepani Temneparyp 300-420 K. BcraHoBieHo
BIUIUB MOP(}OJIOril HUTKOMOAIOHUX KPHUCTaliB, 30KpeMa, iX JiaMeTpiB i reomerTpii, Ha koedilieHT 3ecbeka, TEIIONPOBiAHICTD
Ta orIip.

Kurouoi cioBa: SiGe; HUTKOMOAIOHI KPUCTaIM; TEPMOCICKTPUYHI BIACTHBOCTI; KoedilieHT 3ee0eka; TErIonpoBi-
HICTb.

Apyscunun A.A., Ocmpoeckuit U.11., /lax-Kazyi H.C..

TepModJieKTpHYeCKHe CBOICTBA HUTEBUAHBIX KpHcTa/LI0B SiGe

IpodaemaTuka. HuteBuHbIe KpHCTaIBI TBEPAOTO pactBopa SijGey ¢ HU3KUM COJIepyKaHUEM T'epMaHHs UMEIOT MaK-
CHUMaJIbHOE OTHOILICHHME MOJBIMKHOCTH K (JOHOHHOH TEIUIONPOBOAHOCTH, YTO IEPCIEKTUBHO AJSI TEPMOdJIEKTpuuecTBa. Tem-
JIOTIPOBOJHOCTH HAHOIPOBOAOB SiGe HIKe, 4eM 00BEeMHBIX 00PAa3IOB, YTO SBJIAETCS TAK)KE IMEPCIIEKTHBHBIM JUIS YIy4IICHUS
TEPMOAJIEKTPUYECKON JTOOPOTHOCTH M PAa3BUTHS BBICOKOA((EKTUBHBIX TEPMODJICKTPHUUECKUX MHUKPOKOHBEPTEPOB. M3yueHo
TeMITepaTypHyIO MoBefeHne KodhdunreHTa 3eedexa HUTEBHIHBIX KPUCTAIIOB TBEPIOTO pacTBopa SijGe, B Iuana3zoHe TeM-
neparyp ot 4,2 K no temnepatyp Bbillie KOMHaTHOW. OCOOCHHOCTH HUTEBUIHBIX KPUCTAILIIOB, 00YCIIOBIICHHBIC UX T€OMETpHEN
YCIIEIIHO MCHOJb3YIOTCS JUIS ONpPENesIeH s TEPMOIIEKTPUUECKUX [1apaMETPOB KPUCTAIJIOB, OJHAKO TAKUE HCCIIEIO0BAaHUS HE
MIPOBOAMIIUCH JUIsI HUTEBUAHBIX KPUCTAJUIOB TBEP0-TO pacTBopa SiGe.

Leas ucciaenoBanuii. Vizyuenne BO3MOKHOTO BIIMSIHUSI TEOMETPUU HUTEBHIHBIX KpUCTALIOB Sij_ Ge, Ha UX TepPMOIIIEK-
TPUYECKHUE ITapaMeTpBhI.

Metoauka peanuzanuu. HureBuanele kpuctauibl SiGe BBIPAIIUBAIM METOJOM XMMHUYECKOTO OCAXJCHUS B 3aKPLITOI
OpoMuaHON cucteMe. 3 MeTOA ObLI UCHOIb30BAH ISl OIPEAEICHUS TEMIIEpaTypHON 3aBUCUMOCTHU TEIJIOIPOBOAHOCTU HUTE-
BUAHBIX KpuctauioB SijGey (x = 0,01-0,05) B untepnane temnepatyp 300-400 K. ConporuBieHue KpUCTaJIOB U3MEPSIH
JIBYX30HJOBUM MeT0/10M. IlosyueHHbIEe BOJIBT-aMIEPHBIE XapaKTEPUCTHUKH KPEeCTOOOpa3HBIX CPOCTKOB OBUIM HCIOJIB30BAHBI
JUTSL ONIPEJICNIEHUs TUIIA IPOBOIMMOCTH MaTepHralia KpUCTaIoB.

PesyabTarbl ucciaenopanuii. s HK SiGe muamerpom ot 100 o 10 pm ¢ yMEHBIICHHEM WX TEIJIONPOBOIHOCTH
HaOmroaercst yBenmueHnue kodddumpenta 3eedeka U COMPOTHBIICHNUS, YTO CONPOBOKAACTCS MOBBILICHNEM MOKA3aTelsl Kayue-
ctBa (10 0,12 npu temmneparype 300 K). Mcnonp3oBaHrEe HUTEBHIHBIX KPUCTAIUIOB C OOJIBLION KOHYCHOCTBIO, PUBOAMT K
He0OJIbIIOMY MOBBIIICHUIO UX Koaddunuenta 3eedeka (okoso 10-15%).

BbiBoabl. VccnenoBanbl TEpMOIIEKTPUYECKHE CBOWCTBA HUTEBUAHBIX KPUCTAIIOB TBEpAoro pacTBopa (x = 0,03), neru-
POBaHHBIX TIPUMECHIO Gopa ¢ kommentpanueit 1-10'7-1-10" cm™ B unrepsane Temmeparyp 300-420 K. VcraHoBIeHO BIHsAHHE
MOP(OIOTUN HUTEBUIHBIX KPUCTAIJIOB, B YaCTHOCTH, UX THAMETPOB M re€OMETpHH, Ha KodddunueHT 3eedeka, TEIUIOnpoBoI-
HOCTb U COIIPOTHUBJICHUE.

KiroueBble cioBa: SiGe; HUTEBUAHBIE KPUCTAUIbI; TEPMOIIEKTPUUECKHUE CBOMCTBA; KoddduuueHT 3eedeKka; TEIUIONPOBOI-
HOCTb.



