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Near-surface superconductivity in topologically interesting semiconductor whiskers such as GaSb and
BisSes remains an important topic for understanding unconventional pairing mechanisms and the inter-
play of quantum effects at the nanoscale. Bi2Ses occupies a special place among topological materials due to
its strong spin-orbit interaction and robust surface states, which create conditions for realizing topological
superconductivity capable of supporting Majorana fermions and novel quantum phases. Inducing super-
conductivity through controlled doping or self-organized heterointerfaces provides a practical pathway
without the need for extreme pressures or complex epitaxial layering, although operation still requires cry-
ogenic temperatures typical for low-7c superconductors. GaSb whiskers doped with tellurium and BizxSes
whiskers doped with palladium were synthesized by chemical vapor deposition and examined at cryogenic
temperatures down to 1.5 K under magnetic fields up to 14 T. Resistance measurements revealed a sharp
drop below 4.2 K in GaSb and below 5.3 K in Bi2Ses, indicating partial superconducting transitions likely
confined to the near-surface regions. The upper critical magnetic field Be(7) derived from magnetorsistance
data fits the Ginzburg—Landau model, yielding coherence lengths of about 1.7 nm for GaSb and 15 nm for
BizSes, values comparable to or smaller than those found in high-T. superconductors, pointing to nontrivial
pairing behavior or enhanced spin-orbit-driven mechanisms. Shubnikov-de Haas oscillations observed in
GaSb whiskers confirm high crystalline quality and exclude amorphization as the origin of the effect.
A transition from weak antilocalization to localization and clear signatures of the Kondo interaction indi-
cate a competition between superconducting pairing and quantum scattering processes. In doped GaSb
whiskers near the MIT, partial localization of carriers and their interaction with free electrons leads to
suppression of Cooper pairing at elevated temperatures. This coexistence of partial superconductivity,
weak localization, and Kondo behavior demonstrates the complex balance of competing electronic correla-
tions in these low-dimensional systems. Such findings expand the understanding of surface-limited super-
conductivity in topological and A3B5 semiconductor whiskers and provide a foundation for engineering

heterostructures capable of hosting exotic superconducting phases useful for quantum devices.
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1. INTRODUCTION

Among the large number of topological materials, the
compound BizSes occupies a special place due to its strong
spin-orbit interaction and the presence of topologically
protected surface states, which allows the implementation
of topological superconductivity for the creation of Ma-
jorana fermions and topological quantum calculations.

A promising way to induce superconductivity is the
creation of heterostructures with metals. In work [1], it
was found that when Pd is deposited on the surface of
BizSes, the spontaneous formation of the intermetallic
phase PdBiSe occurs at the interface. This thin layer
demonstrates superconductivity with a 7¢ of about
1.2 - 1.5 K, which is confirmed by TEM analysis [2].
This mechanism makes it possible to implement
supeconducting components without the use of doping
or extreme conditions.

The theoretical basis for new forms of superconduc-
tivity in BisSes is demonstrated in work [3], which mod-
els the intercalation of Ag atoms into the interlayer
spaces of the crystal. Calculations have shown that sil-
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ver atoms can significantly change the electronic struc-
ture of the material: the Fermi level is shifted upwards
and additional charge carriers appear. This leads to an
increase in the density of electronic states near the Fer-
mi level N(F), which is an important prerequisite for the
realization of superconductivity. In addition, it was
found that Ag intercalation changes the topological na-
ture of surface states and can contribute to the for-
mation of a favorable electron-phonon environment for
the emergence of Cooper pairs. In particular, the calcu-
lated values of the electron-phonon constant A and the
pairing parameter indicate the possibility of realizing
unconventional superconductivity even at relatively low
impurity concentrations. Thus, the Ag-intercalation
model complements experimental data on doped struc-
tures based on Bi2Ses, expanding the understanding of
possible scenarios for the emergence of a superconduct-
ing state in topological environments.

The search of new semiconductor materials, for ex-
ample, A3Bs compounds is of great importance for sen-
sor applications. Different interesting effects such as
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Majorana fermions, superconductivity and Kondo effect
were observed in topological materials. The interaction
between the Kondo effect and Majorana fermions was
observed in [4], while the competition be-tween super-
conductivity and the Kondo effect was shown in [5].

Some works specify the coexisting of partial super-
conductivity with the Kondo effect in heavily doped n-
type GaSb and Biz2Ses whiskers [6, 7]. An anomalous
sharp drop of temperature dependencies of resistance
was investigated due to the existence of the 2D states
in the crystal surface. What is more, the minimum
point on the temperature dependences for these sam-
ples indicates the existence of Kondo interaction.

According to the results of our previous experiments
[8], in which superconductivity occurs in Pd.BizSes
whiskers. However, in our case, Pd is integrated direct-
ly into the Biz2Ses crystal lattice, forming a bulk phase
with stable superconducting properties. In Pd.Bi2Ses
whiskers, we record critical magnetic fields up to
1.45 T, which significantly exceeds the values obtained
in [9] (~ 0.25T) and in [10] (within 0.1-0.3 T, depending
on the contact geometry and type of connection). This
difference indicates a higher rigidity of the supecon-
ducting state in bulk phases compared to interface or
contact implementations. In addition, the presence of a
two-step transition in our Pd.Bi2Ses samples with
Te1=5.3K and Tee=3.5 K is also unmatched among
the aforementioned works, where single-step transi-
tions with lower temperatures are observed. This may
indicate a more complex nature of the superconducting
phase in our samples, which is likely due to structural
heterogeneity, the presence of multiple phases, or a
different mechanism for the formation of Cooper pairs
[8]. The observed ratio A¢/kBT. significantly exceeds
the limit of weakly bound superconductivity, which
confirms the involvement of strong electronic correla-
tions. This behavior is characteristic of unconventional
superconductors and distinguishes Pd:Bi2Ses among
most doped systems. The obtained data are consistent
with modern theoretical models that predict the possi-
bility of realizing topological superconductivity in
Bi2Ses-like materials under internal doping conditions.

Our works [7, 8] demonstrate that the integration of
Pd into the bulk lattice allows achieving significantly
higher critical parameters and more stable properties
than in the cases of interface superconductivity. At the
same time, similarities in behavior, such as the pres-
ence of a fragile superconducting regime at low tem-
peratures, confirm the universal properties of Bi2Ses as
a medium for nontrivial superconductivity.

General approach to creating different sensors on the
base of ceramic has been given recently in the paper [11].
On the theoretical point of view, this approach is based on
the properties of root-polynomial functions, considered in
[12]. Obtaining of pure crystals or thin ceramic films on
the base of GaSb and Bi2Ses is possible today by using
advanced electron beam technologies, based on high-
voltage glow discharge electron guns [13].

2. EXPERIMENT

The results of studies using mass ion spectroscopy
showed that the concentration of the dopant corresponds
to the proximity to the MIT. GaSb whiskers is doped
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with tellurium (1-2.5) x 1018 cm -3, and Bi2Ses whiskers
is doped with palladium Pd (1 — 2) x 109 em —3.

The n-type GaSb and BisSes whiskers were pre-
pared by the method of chemical vapour deposition
(CVD) in a closed quartz reactor. Br was the transport
agent. Whiskers were doped with Te and Pd to obtain
the n-type conductance. The reactor was loaded in a
horizontal furnace with a temperature gradient. The
diameter of gained whiskers was in the range
20-30 pm, their length approached 1-2 mm. An investi-
gation by the microprobe X-ray analizator (CAMEBAX)
allowed determining the concentration of Te and Pd.
The electrical contacts were 10 pm in diameter and
were made by the welding of a Pt microwire. The con-
ductance type was inspected on the thermo-e.m.f. sing
and was confirmed to be n-type.

Low-temperature resistance was studied. Crystals
were set in a helium cryostat, where they were cooled
to temperature 1.5 K. The influence of the magnetic
field on the whiskers was investigated by using the
Bitter magnet with induction up to 14 T and scanning
time of the field 1.75 T/min.

3. RESULTS AND DISCUSSIONS

As was mentioned before, n-type GaSb and Biz2Ses
whiskers with different doping concentrations were
studied. Fig. 1, a, b shows their temperature depend-
ences of resistance. Fig. 1a (curve 2) shows the temper-
ature dependences of the resistance of GaSb whiskers
with doping concentrations 2 x 10¥ cm~-2 in a zero
magnetic field and a temperature range of 1.5 + 300 K.
As can be seen from the figure, in this temperature
range a decrease in resistance is observed from 8 to
3.5 Ohm, which indicates the metallic conductivity of
the studied samples. And at temperatures below 4.2 K,
a sharp jump-like drop in the resistance of the samples
from 3.5 to 3.25 Ohm was detected. This feature of the
behavior of their temperature dependence of resistance
is probably due to the transition to a superconducting
state at a critical temperature close to the temperature
of liquid helium (inset in Fig. 1a (curve 2)). On the oth-
er hand, the detected jump in the resistance drop is
very small, namely of the order of 8.6 % ((3.5-3.2)/3.5).
However, the resistance value of the samples at tem-
peratures below 4.2 K remains large enough, 3.2 Ohm,
to be interpreted as a phase transition to a supercon-
ducting state, which should be accompanied by a drop
in resistance all the way to zero.

A small decrease (8.6 %) at temperatures below
4.2 K in GaSb resistance (inset in Fig. 1la (curve 2))
indicates the formation of small superconducting is-
lands (clusters) in the studied samples, which cause the
observed partial transition to the superconducting
state. Since the main contribution to the conductivity of
GaSb whiskers is believed to be due to surface conduc-
tivity, as in InSb [14], it can be assumed that the par-
tial superconductivity should be localized on the sur-
face of the microcrystals. However, if the sample is two-
phase (shell-core), the superconducting transition is
expected to be somewhat blurred. That is why the nar-
row transition to the superconducting state obtained by
us, in the form of a sharp drop in resistance at a tem-
perature <4.2 K, can be an additional argument in
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favor of surface superconductivity of GaSb whiskers.

In GaSb whiskers with a dopant concentration of
2 x 10 cm 3 at a critical temperature of the order of
4.2 K, a partial transition to the superconducting state
is likely to occur (inset in Fig. la (curve 2)). However,
the nature of the manifestation of superconductivity in
the studied samples remains unclear, since as the criti-
cal temperature Tc=1.09 K for gallium [15, 16], and
the Curie temperature for GaSb doped with tellurium
are significantly lower [17]. Possible reasons for super-
conductivity in the studied samples may be their amor-
phization [18, 19] or a high level of concentration of the
dopant Te, close to the critical concentration of MIT,
which, as is known, leads to a significant increase in
the value of the critical phase transition temperature
to the superconducting state T [20].
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Fig. 1 — Temperature dependences of resistance for samples in
zero magnetic field with different dopant concentrations, cm-3:
a) GaSb: 1 — 1 x1018; 2 — 2 x 1018; 3 — 2,5 x 1018; b) Bi,Ses: 1 —
1x 109 2 — 2x 10 Insets: temperature dependences of re-
sistance of these samples at temperatures above 1.5 K

However, amorphization of GaSb whiskers can be
excluded, since these samples exhibit Shubnikov-de
Haas magnetoresistance (MR) oscillations (Fig. 2),
which are usually characteristic of high-quality crys-
tals. According to [6], in GaSb crystals at temperatures
close to liquid helium, the metallic phase near the MIT
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localization threshold may be responsible for the
anomalous transition to the superconducting state.

4,24R, Ohm _#50K

242K

729K

34

(= parrs
w
(o]
(o]

Fig. 2 — Field dependences of a) longitudinal and b) trans-
verse MR of GaSb whiskers with a concentration of doping
tellurium impurity 2 x 1018 cm -3 at fixed temperatures. The
arrows indicate the peak numbers of MR oscillations

The peaks of longitudinal and transverse MR were de-
tected at low temperatures in magnetic fields with an
induction of 0 + 14 T in GaSb whiskers with a doping im-
purity concentration in the range (1+2.5)x 10¥cm-—3
(Fig. 2, a, b) which corresponds to the proximity to the
MIT [6]. The maximum amplitude of the peaks decreases
with increasing temperature in the entire range of fields.
The number of transverse MR peaks decreases in compar-
ison with the results presented for GaSb samples in a
longitudinal magnetic field at the same temperature.
Shubnikov-de Haas oscillations were also detected in our
work for n-type InSb [14]. The oscillatory effect is ob-
served in GaSb samples with a tellurium concentration of
2 x 1018 cm —3 up to temperatures of 50 K (Fig. 2a, b).

The suppression of the superconductivity effect by a
magnetic field is also important for a possible explana-
tion of its nature [21, 2]. In order to consider the influ-
ence of the magnetic field on the abrupt drop in re-
sistance at a temperature below 4.2 K, it is necessary
to study the dependences of the longitudinal MR of
GaSb whiskers in the temperature range 1.5 +50 K
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and magnetic fields 0+ 14 T (Fig. 2a). However, the
Shubnikov-de Haas oscillations were not detected in
the field dependences of the longitudinal and trans-
verse MR of n-type Biz2Ses doped Pd with concentration
of (1 —2)x 10 ¢m -3 in magnetic fields of 0 + 14 T and
low-temperature region 2 — 30 K (Fig. 3).
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Fig. 3 — Field dependences of the longitudinal and transverse
MR of BiaSes with a Pd dopant concentration of 2 x 1019 cm -3
at fixed temperatures
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Fig. 5 — Critical magnetic field induction for superconductivi-
ty in whiskers: a) GaSb; b) BizSes. The solid line corresponds
to the coincidence of experimental data with the Ginzburg-
Landau theory

Another possible reason for the partial supercon-
ductivity of GaSb may be the formation of SbzTes
nanoclusters, which are topological insulators, and the
transition to the superconducting state occurs at a crit-
ical temperature Tc=3 K [23]. However, Sb2Tes
nanoclusters are unlikely to be formed in GaSb whisk-
ers, given the relatively low concentration of tellurium
dopant concentration of 2 x 108 c¢m-3 (according to
mass spectroscopy data). As a result, the number of
potential Sb2Tes nanoclusters formed is insufficient to
provide a superconducting channel. In addition, partial
superconductivity in GaSb whiskers doped with tellu-
rium is observed at a critical temperature 7T¢ of the or-
der of 4.2 K (inset in Fig. 1a (curve 2)), which is differ-
ent from 7. = 3 K, characteristic of Sb2Tes nanoclusters.

Let us consider the influence of weak magnetic
fields on the resistance of GaSb and BisSes in the re-
gion of extremely low temperatures 1.5+ 5 K (Fig. 4a,
b). The figure demonstrates pronounced sharp jumps in
longitudinal MR in the form of so-called bowls or casp
at magnetic field induction up to 1.0 T [6].

To have a deeper understanding of the physics asso-
ciated with the nature of the superconductivity effect,
the upper critical magnetic field B was determined, ob-
tained from the dependences of the longitudinal MR at
fixed temperatures (Fig. 4a, b). The obtained dependence
of the critical field B: as a function of 7/7. is shown in
(Fig. 5a, b). The value of the upper critical magnetic field
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at a temperature of absolute zero B:(0), obtained by fit-
ting the data to the generalized Ginzburg-Landau model
which is shown by the solid curve in Fig. 5, a, b:

B, (0)(1-t?)

BC(T) = 1+t2

@

where Bc is critical at temperature T, t = T/T.

It is obvious that the curve B.(T) (Fig. 5, a, b) exhibits
an almost linear dependence in the temperature range
1.5+ 4.2 K, as in the case of topological insulators based
on YPtBi [24]. Taking into account this linear depend-
ence (dashed lines in Fig. 5, a, b), by means of a simple
extrapolation the value of the upper critical field at zero
temperature Bc(0) was obtained, which for GaSb whisk-
ersis 1.3 T and 1.5 T for Bi2Ses, respectively.

The value of B:(0) is significantly lower compared to
the Pauli paramagnetic limit for GaSb and for BizSes
8.7 T, which suggests a mechanism for breaking super-
conducting orbital pairs in these crystals [21].

Using the relation:

Dy

Bc(o) = 27[5(0)2

@)

where @y is the flux quantum, the coherence length of
the superconductor for GaSb whiskers was obtained as
&0)=1.7nm, which agrees well with the coherence
length &»(0) = 1.0 nm for cuprates [25]. The coherence
length for Bi,Se; whiskers is an order of magnitude
higher and is &»(0) = 15 nm

Small values of the coherence length (£0) ~ 1.7 nm)
of Cooper pairs for GaSb whiskers, compared to high-
temperature superconductors, can cause a number of
interesting effects, in contrast to low-temperature su-
perconductors, which have the same superconducting
properties with a value of & of the order of several
hundred nanometers [25]. Therefore, the obtained
small value of the coherence length is evidence of the
possible competition of superconductivity with other
physical effects in GaSb whiskers [6].

The short coherence length &0) ~ 15 nm of Cooper
pairs BizSes whiskers is essentially less in comparison
with low-T: materials. On the other hand, the coher-
ence length value for BizSes whiskers can be compared
with high-7¢ superconductors. That is why; the gained
low value of the coherence length shows the coexistence
of different extraordinary properties with its supercon-
ductivity. A competition between superconductivity and
weak localization is possible in Bi2Ses whiskers. The
received discrepancy between the upper critical fields
obtained from two independent methods (linear ap-
proximation and Ginzburg-Landau equation) can di-
vide the MR behaviour on 2 contributions: 1) partial
superconductivity; 2) weak antilocalization.

Another possible reason for this behavior of MR in
GaSb and BizSes whiskers may be the weak antilocaliza-
tion effect [6, 8]. The nature of the weak antilocalization
effect may be caused by the spin-orbit interaction in the
bulk 3D crystal. However, in GaSb whiskers, the two-
dimensional nature of electron transport is assumed, as
mentioned above, probably originating from surface con-
duction, as was the case in InSb whiskers [14]
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Studies have shown that n-type conductivity GaSb
whiskers exhibit anomalies of MR values: the appear-
ance of the NMR in weak magnetic fields at low tem-
peratures. The NMR is due to the fact that the magnet-
ic field allows to order the spins of the charge carriers
and, thus, to avoid impurity scattering on the localized
state. Weak localization occurs in the temperature
range of 1.4 +~ 1.7 K in GaSb whiskers with a tellurium
concentration of 1 x 1018 cm -3 and a pronounced semi-
conductor conductivity (Fig. 6a). As can be seen from
the experimental data, the transition to the supercon-
ducting state significantly depends on the concentra-
tion of doping impurities. Thus, in GaSb with a telluri-
um concentration of 1 x 108 cm -3, there is a competi-
tion between the Kondo effect and the Cooper interac-
tion (inset in Fig. 1a (curve 1)), similar to the Pd:BizSes
whiskers studied by us [7]. GaSb whiskers have metal-
lic conductivity, but the concentration of doping impu-
rities is slightly higher than the critical concentration
of N. MIT inherent in this material. As is known, for
such samples, part of the charge carriers is localized on
the impurities and interacts with free charge carriers,
which corresponds to the Kondo interaction, which,
together with the thermal interaction, destroys Cooper
pairs, and accordingly, leads to the absence of super-
conductivity at a temperature of 4.2 K.
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Fig. 6 — Field dependences of the longitudinal MR of GaSb
whiskers at fixed temperatures with a tellurium concentra-
tion: a) 1 x 1018; b) 2,56 x 1019

So, a significant decrease in the magnetoresistive
effect is due to the manifestation of the Kondo effect in
GaSb and Bi2Ses whiskers with a doping impurity con-
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centration that corresponds to the immediate proximity
to the MIT from the metal side [7].

Studies of MR for GaSb whiskers with a doping im-
purity concentration of 2.5 x 108 cm -2 confirm this
hypothesis. As we can see from the presented experi-
mental values of MR at fixed temperature values pre-
sented in Fig. 6b, when the temperature is lowered
from 4.2 to 1.6 K, a transition from antilocalization to
localization is observed.

At temperatures below 4.2 K, a sudden drop in re-
sistance is observed, indicating the localization of elec-
trons in the crystals. We can assume that the appear-
ance of the NMR is caused by the antilocalization of
charge carriers. It is known that in semiconductors and
semiconductor structures with two-dimensional (2D)
and one-dimensional electron gas (1D) there is no clas-
sical MR at low (helium) temperatures. The appear-
ance of a positive MR or NMR depends on the interfer-
ence of electron waves in the spin-orbit interaction [26,
27]. In particular, the singlet state of interacting elec-
tron waves with a total spin J = 0 leads to an increase
in conductivity (antilocalization effect).

4. CONCLUSION

According to the results of experimental studies in
GaSb and Bi2Ses whiskers, it was found that the mani-
festation of atypical kinetic effects significantly de-
pends on the concentration of the doping impurity.

As a result of studying the temperature dependenc-
es of the resistance of GaSb whiskers, doped with tellu-
rium, with a concentration of 2 x 1018 cm~3 and BiaSes
whiskers, doped with Pd to a concentration of
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2 x 109 cm —3 in the temperature range of 1.5 +5 K, a
sharp drop in resistance was found. It was found that
the jump-like drop in resistance on the field depend-
ences of the longitudinal MR of these samples is due to
partial near-surface superconductivity. The appearance
of superconductivity is due to the strong spin-orbit ex-
change interaction of charge carriers in the metallic
phase in the immediate vicinity of the MIT, which
leads to an increase in the Curie temperature.

In GaSb whiskers with a tellurium concentration of
1 x 10 cm -2 and BisSes whiskers with a Pd concen-
tration of 1 x 101 cm —3, there is a competition between
both effects of Kondo interaction and Cooper interac-
tion characteristic of samples with metallic conductivi-
ty, in which the concentration of the doping impurity
corresponds to the metallic side of the MIT. For such
samples, part of the carriers is localized on the impuri-
ties and interacts with free charge carriers, leading to
Kondo interaction. This interaction, as well as thermal
interaction, destroys Cooper pairs and, accordingly,
leads to the absence of superconductivity at tempera-
tures higher than 4.2 K and 5.3 K.

At a temperature of 4 K, in heavily doped GaSb
whiskers with a Te concentration of 2.5 x 1018 cm -3, a
transition from the effect of weak antilocalization to
weak localization is established, caused by a change in
the ratio between the phase failure time and the spin
relaxation time with a change in temperature.

Therefore, weak antilocalization and super-
conductivity are the main competing mechanisms that
probably occur in the near-surface layers, explaining
the behaviour of MR dependences in the p-type conduc-
tivity of GaSb and BizSes whiskers.
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Biu3skonmoBepxHEeBa HAANPOBIAHICTE Y TOMOJIOTIYHUX HUTKOMIOA10HUX
kpucrangax GaSb i BizSes

A.O. Jpyxuuin, L.II. Ocrpoecwrmit, H.C. JIax-Karyi#, M.II. Mukurook

Hauionanvruii ynisepcumem «Jlvsiscora nonimexuixa», 79000 Jlveis, Yipaina

BiuspromoBepxHEBa HAMIIPOBIIHICTD ¥ TOMIOJIOTTYHO ITIKABAX HAIIBIPOBLIHIKOBAX HUTKOIIOI1I0HUX KPH-
crasai, Takux Ak GaSb Ta BixSes, zanuimaerbess BasKJIMBOIO TEMOI IJIs PO3YyMIHHS ATUIIOBUX MEXaHI3MIB
CIIApOBYBAHHS Ta B3aeMOJIli KBAHTOBUX eeKTiB HA HAHOPIBHI. BizSes 3aliMae 0cobiuBe Miclie cepe TOMoIoriy-
HHX MaTepiaiiB 3aBIsSKH CHIBbHIH CHiH-OpOiTaNbHIH B3a€MOIl Ta CTIHKIM MOBEPXHEBUM CTaHaM, IO CTBOPIOIOTH YMOBH
[LJIsT peasti3aliil TOIOJIOrIYHOI Ha IIPOBLIHOCTI, 31aTHOI miaTpuMyBaTu depmionn MaiiopaHu Ta HOBI KBAHTO-
Bl pasu. [HayryBaHHS HaAIPOBLIHOCTI NIISIXOM KOHTPOJIBOBAHOIO JIETyBAHHS 200 caMOOPraHi30BAHUX reTe-
poirTepdericiB BITKpUBAE MPAKTUYHUN IILJIAX 0e3 He0OXITHOCTI 3aCTOCYBAHHS BUCOKHMX 30BHIIIHIX THUCKIB UM
CKJIAJTHOTO eIITAKCIHOIO HAIllapyBaHHs, X04a po00Yl YMOBU BCE OJHO IOTPEOYITh KPIOTEHHHUX TEMIIEPATYD,
XapaKkTepHUX I HU3bKOTEMIIEPATYPHUX HaAupoBigunkis. Hukromomaioni kpucramm GaSb, serosani Tey-
powM, i BisSes, nerosaui masagieM, OTPEMAaHI METOAOM XIMIYHOI'O IAPOBOr0 OCAIYKEHHS Ta JOCIIIMKEH] 3a Te-
mmepatyp g0 1,6 K y maraitaux mossax mo 14 T. SasmeskHocTi 0mopy BUABUIM Pidkmii crran Hmkde 4,2 K misa
GaSb 1 musrue 5,3 K murst BiaSes, 1m0 cBijuuth npo 4acTKoBi HAAIPOBiAHI Iepexoau, IMOBIPHO JIOKAJIi30BaHI 00~
JIN3y TOBepxHI kpucraiiB. Bepxue kpurtnune marHitHe nose Bo(T), orpumaHe 3 MarHITOOIOPHUX JaHUX, [10-
Ope ommcyersess mojesutio [inabypra—Jlaunay 1 mae moBmuHM KorepeHTHOCTI 6/mabko 1,7 HmM s GaSb Ta
15 am s BizSes, wo cniBBigHOCHTBCSI a00 HABITH MEHIIE 3HAYEHD, XAPAKTEPHUX JIJIsI BUCOKOTEMIIEPATYPHUX
HAIIPOBIIHUKIB, BKA3yOUM HA HETPUBIAIBHHUN XapaKTep CIApOBYBaHHsS a00 IOCHJIEHHI BILJIMB CIIH-
op6iTanbHoi B3aemonii. Hassuicrs xommBans llyOuikoBa—ne ['aasa y Bycurax GaSb minreeprskye BHCOKY
KPUCTAJIIYHY SKICTh Ta BHKJIIOYAE amopdisariiio sk mprepeso ederry. Ilepexin Bix ciabrol aHTHIOKAMI3AINT
10 JoKai3armii Ta diTKi osHaku B3aemomil KoHmo BKa3yooTh HA KOHKYPEHIN0 MiK HAIIPOBIIHUM CIIAPOBY-
BAHHAM 1 KBAHTOBMMM IIPOIIECAMH PO3CIIOBAHHA. Y JeroBaHmx Bycukax GaSb moGimay mopory merasi-
130JIATOP YACTKOBA JIOKAJI3AIlid HOCIIB Ta iX B3aeMOMid 3 BIIbHUMH €JIEKTPOHAMHU IIPU3BOJUTDH 10 HMPHUTHI-
YeHHsI KyIIEepPIBCHKOIO CIIAPOBYBAHHS IIPH IIJIBUINEHHI TeMiepaTypu. Take CIiBICHYBaHHS YaCTKOBOI HAI-
IPOBigHOCTI, c1abKol Jokami3arii Ta moseminkn KoHI0 JeMOHCTpYe CKIaIHUN 0aIaHC KOHKYPYIOUUX €JIEKT-
POHHUX KOPEJAIN y IIMX HU3bKOBUMIPHUX cucremax. OTpuUMaHi pe3ysIbTaTh POIMMUPIIOTH POIYMIHHS II0-
BEPXHEBO-00MEKeHOT HaIIIPOBIAHOCTI y Tomostoriuamx 1 AsBs HAMBIPOBITHUKOBUX BYCHKAX Ta CTBOPIOIOTH
OCHOBY JIJISI 1HIKEHEPIi reTepOCTPYKTYP, 3MATHUX ITIITPUMYBATH eK30TUYHI HAIIIPOBITHI (Da3u, MepCIeKTHBHL
17151 KBAHTOBUX IIPUCTPOIB.

Kmouori ciiora: Hagmporiguicrs, Tormostoriusi 13osmsiropr, Hurkomo ol kpucrasm, Coabka aHTHIIOKAITI-
sarist, Ederr Kormo.
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