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Berry phase in strained InSb whiskers
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Strain influence on the longitudinal magnetoresistance for the n-type conductivity InSb whiskers doped by

Sn to concentrations 6:10'%-6:10' em™ were studied at temperatures from 4.2 to 50 K and magnetic field up

to 10 T. The Shubnikov—de Haas oscillations at low temperatures were revealed in the strained and unstrained

samples with all range doping concentration. Some peaks of the longitudinal magnetoresistance split as a

doublet in the InSb whiskers with doping concentration in the vicinity to metal-insulator transition. Taking in-

to account peak splitting giant g-factor from 30 to 60 was defined for strained and unstrained samples. The

magnetoresistance oscillation period of the InSb whiskers doesn’t differ under strain for all doping concentra-

tion, but Fermi energy increases and electron effective mass m, decreases and consists 0.02 mg. Berry phase

presence was also revealed in strained n-InSb whiskers that shows their transition under a strain to topological

insulator phase.
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1. Introduction

The features of strain-induced effects were studied in the
classical semiconductors (silicon, germanium) with doping
concentration in the vicinity to the critical concentration of a
metal-insulator transition (MIT) at low temperatures [1-4].
At the same time, there are data on the strain-induced MIT,
which is associated with radical rearrangement of the con-
duction band as a result of strain due to the reducing of elec-
tron effective mass [5]. The studying of strain-stimulated
effects in semiconductors of the A3B5 group is equally im-
portant, including further using of such effects in microelec-
tronic devices. Some semiconductor compounds are also
very strain-sensitive, for example, #n-GaSb (G [111] =-226),
p-InSb (G [111]=212) [6].

On the other hand, oscillation phenomena of magneto-
resistance as Shubnikov—de Haas (SdH) effect [7,8] were
earlier revealed in the InSb compounds at low tempera-
tures down to liquid helium that were induced by the uni-
axial strain. These strain-induced effects are a complicated
and complex problem. In this case, the InSb whiskers with
doping concentration corresponding to the MIT are a good
model for studying the influence of strain, due to their
morphology, structural perfection and high mechanical
strength.

The strain influence on the hole effective mass m. at
temperature 4.2 K was also shown in the doped InSb sam-
ples by authors [9]. The effective mass decreases down to

0.017 m, under the largest biaxial compressive strain 1.05 %
due to the energy separation between two bands [10].

Moreover, according to recent reports in bismuth-based
materials, the emergence of the Berry phase (Aaronov—
Bohm oscillations) was observed as a manifestation of
topological isolators [11,12]. The Berry phase arises also
in strained InSb materials as a result of strong spin—orbit
coupling [13]. It can be expected that the use of the strain-
induced MIT in the InSb whiskers, whose conductivity is
due to surface states, will enable the control of the material
properties.

The aim of present paper is study magnetoresistance
oscillations in n-type InSb whiskers with tin doping con-
centration in the vicinity to metal-insulator transition under
influence of compressive strain at low temperatures. The
strain was shown to introduce the InSb whisker in topo-
logical insulator state, which accompanied with Berry
phase appearance.

2. Experimental procedure

The n-type InSb whiskers with tin doping concentration
grown by chemical transport reaction method were the
object for the longitudinal magnetoresistance studies. The
InSb whiskers with a length of 2-3 mm and a diameter of
30-40 um were selected for the investigations. Au contacts
to n-type conductivity InSb whiskers with the diameter
10 um form an eutectic with whiskers under the pulsed
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welding. The contact technique allows to measure whisker
longitudinal magnetoresistance using four contacts to the
sample.

The InSb whiskers were strained by the mounting them
on substrates with a thermal expansion coefficient different
from that of InSb material. The similar experimental meth-
od with using the thermal strain estimation of the p-type
conductivity silicon whiskers on different substrates, were
shown in work [1]. Copper substrates were used in order to
achieve the uniaxial compression strain (¢ = 3.8:10° rel.
units) at temperature 4.2 K. The thermal strain of the InSb
whiskers in the <111> direction was calculated at tempera-
tures 4.2-50 K.

The helium cryostat was used to study the low-tem-
perature magnetoresistance for the n-type conductivity
InSb whiskers in the range 4.2-50 K. The whisker magne-
tic properties were studied in magnetic fields 0—10 T crea-
ted by Bitter magnet with time scanning of 1.75 T/min.
The stabilized electric current from 1 to 10 mA depending
on InSb whisker resistance was created using the Keithley
224 source. Temperature measuring were carried out with
use a Cu—CuFe thermocouple.

3. Experimental results and their discussions

Three groups of the n-type conductivity InSb whiskers
with doping concentration (Sn) that correspond to different
approximation to critical concentration of the metal-
insulator transition were selected for studies of the
magnetoresistance:

i) with dopin§ concentration that corresponds to the
MIT (2:10"7 em )

ii) with high doping concentration that corresponds to
the metal side of the MIT (6~1017 cm_3);

iii) with doping concentration shifted into the insulator
side of the MIT (6:10'° cm ).

The strain influence on the longitudinal magneto-
resistance in the n-type conductivity InSb whiskers at low
temperatures down to 4.2 K were studied in the range of
magnetic field 0-10 T. The results of the studies for strained
and unstrained samples doped by tin to different concentra-
tion in the vicinity to the MIT are shown in Figs. 1-3.

The longitudinal magnetoresistance peaks of the n-
type InSb whiskers with various doping concentrations
6:10'°-6:10'7 cm ™ were revealed in the temperature
range 4.2—40 K as in unstrained and also in strained sam-
ples (Figs. 1-3). The decreasing of maximum peak ampli-
tudes with temperature increasing was shown in magnetic
field range 0-10 T. The values of magnetic field induc-
tion at temperature 4.2 K that corresponds to the longitu-
dinal magnetoresistance peaks for the unstrained and
strained InSb whiskers were presented in the Tables 1
and 2, respectively.

According to well-known developed methodology [14]
we constructed Landau fan diagram. The Landau level (LL)
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Fig. 1. (Color online) Longitudinal magnetoresistance in the un-
strained (a) and strained (b) InSb whiskers tin doped to a concentra-
tion 610" cm ™ at temperatures: 4.2 (1), 13 (2), 29 (3), 40 (4) K.

index number N to each resistance minimum (N + 1/2 to
each resistance maximum) according to experimental data
(Figs. 1-3). Landau level index N versus reversal the mag-
netic field induction 1/B was presented in Fig. 4 (a), (b). As
can be seen from the figures, data points fall on the straight
lines and the best linear fit was represented by the solid line.
An intercept of linear fit with N-index axis yielded zero
phase B = 0 in the unstrained InSb whiskers with doping
concentration 2:10'7 cm ™ that indicates in Schrodinger
electron transport responsible for SdH oscillations (Fig.
4(a)). However, for the strained samples with doping con-
centrations 2:10'" and 6:10'® ecm ™ the phase B = %2 was
obtained, that is shown in the Figs. 4(b) and 4(c).

Thus, the Berry phase was absent in unstrained InSb
whiskers in whole doping concentration range at low tem-
peratures and shown in the Landau fan diagrams in
Fig. 4(a). But their presence was revealed in the strained
samples only with doping concentration in the vicinity to
the MIT. So, strain influence on the magnetoresistance
behavior leads to Berry phase appearance in heavily doped
whiskers with strong spin-orbit interaction (Figs. 4(b), (¢)).

We show strain influence on the longitudinal magneto-
resistance dependences for InSb whiskers with various do-
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Fig. 2. (Color online) Longitudinal magnetoresistance in the un-
strained (a) and strained (b) InSb whiskers tin doped to a concentra-
tion 2-10' cm™ at temperatures: 4.2 (1), 13 (2), 29 (3), 40 (4) K.

ping concentrations in all ranges of magnetic fields and
temperatures. The peaks corresponding to the transitions
between Landau levels with N =1, 2, .... The number of the
longitudinal magnetoresistance peaks decreases from nine
peaks in the unstrained samples (Table 1) to six (Table 2) in
strained InSb whiskers with doping concentration 2:10" " cm
that corresponds to the MIT (Figs. 2(a),(b)). And for InSb
whiskers tin doped to concentration 6-:10°° ¢cm ° in the vicini-
ty to the MIT from metal side of the transition (Figs. 3(a),(b))
the number of the magnetoresistance peaks doesn’t change
and consists of 5 in both unstrained and strained samples (see
Tables 1, 2). Five peaks with the maxima (Table 1) were
revealed on the magnetoresistance dependences at tem-
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Fig. 3. (Color online) Ongitudinal magnetoresistance in the un-
strained (a) and strained (b) InSb whiskers tin doped to a concentra-
tion 6:10'" cm ™ at temperature: 4.2 (1), 13 (2), 29 (3), 40 (4) K.

perature 4.2 K for the unstrained InSb whiskers with doping
concentration of 6:10'® cm > shifted into the insulator side of
the MIT (Fig. 1(a)). But in this case, the number of the peaks
increases up to nine (Table 2) for the strained samples
(Fig. 1(b)).

The strain influence on the longitudinal magneto-
resistance dependences of the InSb whiskers were studied at
low-temperature range. So, the influence of strain was mani-
fested due to the doping concentration shift relative to the
MIT that corresponds to the change of the magneto-
resistance 7peak number. InSb whiskers with tin concentra-
tion 210! cm_3 was shifted from the MIT that corresponds
to the decreasing peak number under the strain (Fig. 2(b)).

Table 1. The magnetic field inductions of the magnetoresistance peaks in the unstrained InSb whiskers with different doping concentra-

tion at 4.2 K
Doping concentration, cm_3 The longitudinal magnetoresistance in unstrained samples Byax, T
Ne 1 2 3 4 5 6
610" 5.4 3.5 2.4 1.8 1.4
2-10" 11.4 7.2 5.1 40 | 34 2.85 2.5 2.2 2.0
610" 7.46 43 3.0 2.39 1.96
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Table 2. The magnetic field inductions of the magnetoresistance peaks in the strained InSb whiskers with different doping concentra-

tionat4.2 K
Doping concentration, cm_3 The longitudinal magnetoresistance in unstrained samples Byax, T
Ne 1 2 3 4 5 6 7 8 9
610" 5.9 4.0 3.0 2.4 2.0 1.7 1.4 1.2
210" 4.1 3.2 235 2.0 1.5 1.0
610" 83 | 65 | 42 2.8 - 1.7

Heavily doped samples with concentration 610" cm™ was
also shifted from the MIT and magnetoresistance peak num-
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Fig. 4. The Landau level (LL) index N of SdH oscillation versus
reverse magnetic field (1/B) in unstained (a) and strained (b), (c)
InSb whiskers with doping concentration 210" and 610" cm™ ,
respectively.
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ber decreased due to the strain (Fig. 3(b)). On the contrary,
the lightly doped samples have been shifted from the insula-
tor side of the MIT closer to the transition and the behavior
of the longitudinal magnetoresistance was changed by the
strain.

The SdH oscillations of the longitudinal magneto-
resistance were observed in high quality n-type conductivity
InSb whiskers with doping concentration in the range
6-1016—6~1017 cm_3 for both unstrained and strained samples
(Figs. 1-3). Every peak of longitudinal magnetoresistance
splits as doublet in magnetic field 0—10 T for the unstrained
InSb whiskers with doping concentration 210" em™ that
corresponds to the MIT (Fig. 2(a)). Therefore, the SdH
magnetoresistance oscillation splits into two peaks that corre-
sponds to various quantum levels at the inductions of mag-
netic field: N=1at72and 5.1 T;N=2at4and34T;N=3
at2.8 and 2.5 T; N=4 at 2.2 and 2 T (Table 1). But for the
strained samples with the same doping concentration there
had not been any observations of the splitting at all ranges of
magnetic fields and temperatures (Fig. 2(b)).

We show quite different situations for the samples that
correspond to both the insulator and metal side of the MIT.
The strain influence on the longitudinal magnetoresistance
of the InSb whiskers with high doping concentration
6:10'7 cm™ that corresponds to the metal side of the MIT
(Fig. 3(b)) leads to splitting a peak N=1 at 8.3 and 6.5 T
(Table 2). Nevertheless, the splitting is absent for the un-
strained samples in magnetic field 0—10 T at liquid helium
temperature (Fig. 2(b)). The splitting of the magneto-
resistance peaks are absent for the lightly doped n-type
InSb whiskers in both unstrained and strained samples with
tin concentration 6:10'® cm > (Fig. 1(a), (b)).

The SdH oscillations are periodic on 1/H. The period of
the magnetoresistance oscillations P in the opposite magnet-
ic field corresponds to the quadratic dispersion law [15]:

el

P=A(VH)= o (1)
c

where e is the elementary charge, EF is the Fermi energy,
i is the Planck constant; m, is the effective electron mass,
c is the light speed.

The longitudinal magnetoresistance period was found
due to the Eq. (1). The period of SdH oscillations slightly
differs for various doping concentration of the InSb whis-
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kers. The period of the magnetoresistance oscillations is
about 0.1 T~ in the InSb whiskers with doping concentra-
tion that correspond to the vicinity to the MIT [16].

SdH oscillation for the unstrained semimetal-side sam-
ple differ from one in the semiconductor-side, that lead to
difference in intensity ratio for Ap3 and Apj, where Aps is
contribution to the resistance, which corresponds with two
terms as the hopping conductance on twice occupied by
electrons impurity Ap’, and the electron spin-orbit interac-
tion Ap7, Ap3 is contribution to the resistance due to the
hopping conductance on once occupied by the electron
impurity. The scattering by electron spin-orbit interaction
is the main mechanism in the semimetals, so Apj is the
largest and as result the reduction of Apz-term. So, the
splitting was shown in the semimetal side of MIT (Fig. 4).
The Aps-term can increase and may be measurable in the
semiconductors. Thus, the peak splitting was observed on
the magnetoresistance curves in the vicinity to the MIT
that correspond with competition of both Apz- and Aps-
terms (see Fig. 2(a)), whereas in addition to MIT, only the
Ap3-term dominates, which leads to the absence of the
splitting in the magnetoresistance oscillations (Fig. 1(a)
and Fig. 3(a)).

Intensity ratio for Ap; and Ap3 in unstrained sample that
corresponds to the MIT would be compared. For the interval
of the fields 0-2 T, the intensity ratio Apy > Aps (Fig. 2(a)),
where the amplitude of the oscillations becomes noticeable.
Moreover, intensity ratio Apy < Aps was observed in high
magnetic fields 2-10 T inversion of takes place. We can
observe such changes in the intensity ratio due to the MIT
inducted by the magnetic field. Such type of the MIT was
shown firstly in the work [17] and developed in [18]. Ap»-
term correspond with the strong spin-orbital interaction pre-
vails in weak magnetic fields. A gradual increasing in Aps-
term corresponds with hopping conductance and occurs in
the magnetic field with induction B> 2 T.

Revealed splitting in the magnetoresistance oscillations
allow us to define the g-factor. Spin splitting of the peaks
observed in SdH oscillations at magnetic field B, when
g*upB exceeds the doping level splitting of the Landau
I' = heB;/m}. So, we can write I = hieB|/m, = g*upB,.

Since the Bohr magneton is L g = efi/2my, thus the ex-
pression was obtained

Bimy
g*=2 . )
Bymm

The band conduction in the InSb is strongly non-
parabolic due to narrow band gap, as result the mass de-
pends on energy [19]:

vEy=m 142
m*(E)=m, [1+E ] (3)

g
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where E is an electron energy, Ej is a band gap, and m, is
an effective mass in the edge of conduction band. According
to conduction at Fermi energy, E = EF, and using the equa-
tion (3) with parameter m, = 0.014 mg and EF = =0.11 eV
were obtained from the analysis of SdH oscillations and
band gap consists 0.23 eV (in the InSb whiskers at helium
temperature [20]) the corresponding values have been calcu-
lated for m™* = 0.03 myg that was used for g-factor estima-
tion.

According to above consideration the graduate increasing
of the g-factor from 46 to 60 for different Landau levels that
correspond N = 1 and N = 4, respectively, were obtained.
Obtained data were in the good agreement with the giant
values of the g-factor that revealed in the InSb nanowires,
but according to the data in work [21] some discrepancy was
revealed. Taking into accoount results in the present work,
value of the g-factor decreases with increasing of the mag-
netic field induction, while in work [21] g-factor value de-
pends on the doping level. The giant amplification of spin
splitting near the MIT was also shown in the Si hetero-
structures [22]. InSb represents as narrow-band gap material.
It has the largest electron Lande g-factor, which consists 51
for all semiconductors of the A3B5 group [23]. The authors
[24] also studied the temperature dependence of the elect-
ron Landé g-factor in the InSb crystals and showed that
the g-factor value was 51 at temperature 4.2 K. The re-
sulting large magnitude of the g-factors in this work was
associated with the emergence of spin-orbit interaction in
the whiskers for field of the hopping conductance on
twice occupied by the electrons impurities.

The strain influence on the some parameters of the lon-
gitudinal magnetoresistance was observed for the InSb
whiskers at low temperatures. So, the calculated value of
g-factor consists of 50 for the Landau level N = 1 at mag-
netic field inductions 8.3 and 6.5 T in the strained InSb
whiskers with doping concentration 610" cm_3, which
corresponds to the metal side of the MIT (Fig. 3(b)). The
strain influence on the effective electron mass m™ of the
n-type conductivity InSb whiskers leads to the decreasing
of its value from 0.03 mq to 0.02 my.

The Berry phase was revealed in the strained InSb
whiskers with doping concentration in the vicinity to the
MIT. For both samples with doping concentration removed
into the insulator side of the MIT of 6-10'° cm_3 and that
corresponds to MIT of 210" em™ the appearance of the
Berry phase was shown under strain influence in the
Figs. 4(b),(c). An explanation for their appearance was
suggested as the strain influence shift of the samples to the
vicinity to the MIT. But the Berry phase was absented in
the strained InSb whiskers with doping concentration of
6:10'7 cm™ that corresponds to metal side of the MIT be-
cause the strain removed their deeper from the transition.

The effect of phase factor in SdH oscillation could be
described by the Lifshitz—Kosevich equation [25]:
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£=R(B,T) cos[2n(£+y—6):|, @)
p B
where R(B,T) contains the hyperbolic and exponential
terms describing the temperature and field damping of the
SdH oscillation amplitude, F is the frequency of the SdH
oscillation in 1/B term, y =1/2—(B/2n) is the associated
Berry’s phase (divided by 2x). Berry’s phase = 0 corre-
sponds to the trivial case, which describes unstrained
InSb magnetoresistance oscillations. A deviation from
this value to p = 1/2 indicates in the existence of Dirac
particles [26]. The phase shift & is determined by the
dimensionality of Fermi surface and takes values 0 for
2D and 1/8 for 3D cases [27]. The fan diagrams for
strained InSb whiskers (Fig. 4(b),(c)) show that § = 1/2.
Thus, an additional phase shift 8 is equal to zero con-
firming 2D nature of Dirac electrons in strained InSb
whisker and its transition to topological insulator.

The Dingle temperature 7p of the n-type conductivity
InSb whiskers is defined as a ratio of the SdH oscillation
amplitudes for two successive magnetoresistance maximum
at known value of the effective electron mass m. [15]:

2
1 ginh 2n°kTm,c
A(T,H,) =(H"+1]2 le|hH,, .
2
) 1 2n°kTm.c
|e|nH,

2nkTrm.
wexp| X ATomeef 1 1 5)
leln \H, H

n

The Dingle temperatures for both unstrained and
strained samples with various doping concentration were
determined from the amplitude dependences of the SdH
oscillations (Figs. 1-3) on magnetic field due to the
Eq. (5). The highest values of the Dingle temperature
reached of up to 12 K in the unstrained InSb whiskers that
could be explained by their heavy doping concentration.
The strain influence on this parameter leads to its increas-
ing up to 15 K in high magnetic fields due to the decreas-
ing of the effective mass under the strain.

4. Conclusions

The longitudinal magnetoresistance in strained and un-
strained samples of n-type conductivity InSb whiskers with
doping concentration in the range 6-10 —6~1017 cm_3 in the
vicinity to the MIT from metal and insulator side of transition
at low temperatures 4.2-40 K and magnetic fields with the
induction up to 10 T were studied. According to our investi-
gations the longitudinal magnetoresistance peaks were identi-
fied as the SdH oscillations at temperatures 4.2—40 K. Larger
number of the magnetoresistance peaks for strained InSb
whiskers than ones for strained samples were visible at heli-
um temperature. Every peak of the longitudinal magneto-
resistance for unstrained InSb whiskers with doping concen-
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tration that corresponds to the MIT of 2107 em ™ is splitted
as doublet in the magnetic field range 2-10 T, but the split-
ting is absent in the strained samples. For unstrained samples
with doping concentration in the vicinity to the MIT from
insulator and metal sides of the transition the splitting is also
absent in whole magnetic field. However, the strain influ-
ence leads to splitting only first peak of the longitudinal
magnetoresistance for InSb whiskers with doping concen-
tration that corresponds to the metal side of the MIT of
610" em™.

Main parameters in the strained and unstrained n-type
conductivity InSb whiskers were estimated for various
level of the doping concentration due to analysis of SdH
magnetoresistance oscillations. The values of the cyclotron
effective mass of electrons were changed from 0.03 mg to
0.02 mg under strain influence. Fermi energy and Dingle
temperature also change due to strain influence from 0.12
to 0.14 eV and from 12 to 15 K, respectively. According to
splitting the magnetoresistance peaks for InSb whiskers
with doping concentration that corresponds to the MIT,
giant g-factor of 50-60 was obtained, and its values were
dependent on the doping level and strain influence.

The Landau fan diagrams confirmed Berry phase pres-
ence in the InSb whiskers with doping concentration in
the vicinity to the MIT at low temperatures. Berry’s
phase B = 0 corresponds to the trivial case, which descry-
bes unstrained InSb magnetoresistance oscillations.
Aplying strain (¢ = 3.8:10° rel. units) at temperature
4.2 K leads to a deviation from this value to f = 1/2 indi-
cating in the existence of Dirac particles. The fan dia-
grams for strained InSb whiskers confirming 2D nature of
Dirac electrons in strained InSb whisker and its transition
to topological insulator.
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da3za beppi B aehopmoBaHUX HUTKONOAIGHNX
Kpuctanax InSb

A. dpyxuHiH, . OcTtpoBcbkui, HO. XoBepko,
N. Liakh-Kaguy, K. Rogacki

Hocnimkeno BMB aedopmanii Ha MO3TOBXKHINA MarHiTo-

omip HHUTKOMOAIOHMX KpuctamiB InSb 3 mpoBigmicTIO n-THITY,
. 16 17 -3
JIETOBAaHUX OJIOBOM B KOHIeHTpauiax 6-10 —6-10 ° cm ~, mpu

temreparypax Bix 4,2 mo 50 K ra marmitaux mossix go 10 To.
IIpu HU3BKUX Temneparypax ociuranii Illy6HikoBa—ne I'aaza
BUSIBIIEHO B AehOpMOBaHMX W HeaepOpMOBaHUX 3pa3Kax y
BCHOMY Jliala30Hi KOHIEHTpawliil momyBaHHs. Jleski miku mo-
3/I0BKHBOTO MAarHiTOONOpPY PpO3ILEIUIIOIOTECS B IyOJeTH B
HUTKONOMIOHUX KpucTanax InSb 3 KOHIEHTpali€r JJoIaHTa,
OJM3BKOI0 JI0 Iepexony MeTan—i3onsaTop. bepyun no ysaru
pO3IIEIIeHHs MiKiB, JUI1 AeOpMOBaHHX Ta HeAe(hOPMOBAHUX
3pa3kiB BU3HAYEHO rirantchkuii g-axrop Bixg 30 mo 60. Ilepiox
OCLIIAIIN Mar"iToOIopy HUTKOMONIOHMX KpucraniB InSb me
3MIHIOETBCSL B e()OPMOBAHOMY CTaHi IJIsl BCiX KOHICHTpALiif
Jomanra, ane enepris ®epmi 3pocrae, a eeKTHBHA Maca eJeK-
TpoHa m, 3MeHuryerbesi i craHoButTh 0,02 mg. IIpucyTHICTH
(dasu beppi Oymo Takox BUSBICHO B JIeOPMOBAaHUX HHUTKO-
nofibnux kpucranax n-InSb, siki AeMOHCTpyBamM mepexin B
(hazy TOIOJIOTIYHOTO i30IATOpa Hix Aico gedopmarii.

KimouoBi cnoBa: nHutkononioHi kpucranmu InSb, ociypumsmii mo-
3[I0B)XHBOTO MArHiTOONOpPY, KOHLCHTPALIisl AOMyBaHHS, g-(pakrop,
¢asza beppi.

da3za beppu B 4ehOpMUPOBAHHBIX HATEBULHbIX
Kpuctannax InSb

A. OpyxuHuH, A. OcTtposckun, HO. XoBepko,
N. Liakh-Kaguy, K. Rogacki

HccnenoBano BiusiHUE AedopMalyy Ha MPOJOJILHOE MarHu-
TOCOIPOTHBIEHHE HUTEBUIHBIX KpHCTaLIoB InSb ¢ mpoBoanmo-
CTBIO 71-TUIIA, JIETUPOBAHHBIX OJOBOM B KOHLIEHTPALUIX 610"~
610" cm_3, npu Temneparypax or 4,2 go 50 K u MarHuTHbIX
nossix 1o 10 Ta. Ilpu Huskux temneparypax ocumwuisiuu Ly0-
HUKOBa—Ji¢ ['aa3za oOHapyxeHB B Je(OPMHPOBAHHBIX W HEJle-
(opMHpOBaHHBIX 00pa3liax BO BCEM JAMANa30HE KOHLEHTPALMit
JonHupoBaHUA. HekoTopsle MHKH NPOAOIBHOTO MarHUTOCOIPO-
THUBJICHHS PACILEIIISIOTCA B AyOJEThl B HUTEBUIHBIX KpUCTallIaX
InSb ¢ xoHmeHTpanmel nomaHTta, OJIM3KOHM K Iepexoay MeTayi—
usomarop. IlpuHnMas Bo BHMMaHHE pPAaCIIENICHHE MHKOB, IS
neopMHUPOBAaHHEIX M Hene(OPMHUPOBAHHEIX 0Opa3IOB oIpene-
JeH rurantckuil g-gaxkrop ot 30 mo 60. Ilepmox ocummmsuuit
MarHUTOCOTIPOTHBIICHNSI HUTEBUAHBIX KpucTawioB InSb ne us-
MeHsieTcsl B Ie()OpMUPOBAHHOM COCTOSIHUH JUISl BCEX KOHIEHTpa-
il pomanra, Ho SHeprus depmu Bo3pacraeT, a dPQeKTHBHAS
Macca 3JIeKTpoHa m, yMeHbiaercs u cocrasiser 0,02 myg. [Ipu-
cyrctBue ¢assl beppu ObUIO Takke OOHAPYKEHO B JeHOPMHPO-
BaHHBIX HUTEBHUAHBIX KpHCTamIax n-InSb, koTopble neMOHCTpH-
poBaM mepexox B (a3y TOIOJOTHYECKOTO H30JTOPa IIOX
neiicTBHEeM e OopMaLi.

KimroueBbie cioBa: HUTeBUIHBIE KpUcTaTBl InSb, ocummisuuu
MPOJOIFHOTO MArHUTOCOIPOTHBICHHS, KOHICHTPALHS TOMHPO-
BaHUs, g-haxTop, Gaza beppu.
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