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Abstract
The temperature dependences of thermopower and

resistance Te-doping Bi-wire were investigated at electron
topological transitions (ETT) induced by shetch in the
temperature interval 4.2-300 K and magnetic fields up to l4T.
Single Bi, Bi<Te> wires were obtained by the liquid phase
casting by the Ulitovsky method. They were mono crystals of
strictly cylinddcal form in a glass cover with orientation
<1011> along the wte a"\is. In thin wires of Bi doped with Te
a number of anomalies were found out at ETT, of the t)?e of
formation of new Fermi surface cavity (T-hole) induced by
extension. The "gianf' oscillations of the thermopower in
magnetic field and singularities in deformation curves of
thermopower ard resistance may be referred to these
anomalies. In general they give evidence that the interband
scattering ofcariers plays the decisive role in wires of Bi and
Te-doped Bi-wires in the low temperature .

Introduction
In nanowires on the basis of Bi and its alloys a number of
specific, unique effects were displaced, Aharonov Bohm [1 ]
and confinement effects [ 2], appearance of spherical Fermi
surface [ 3], effects of localization and diffusion electron
interaction [4 ], etc., whose investigation at electronic-
topological tansitions (ETT) seems to be very topical.
Recently geat attention is paid to Bi-based nanowires. A
significant figure of merit Z=a'�olr (cr is the thermopower, o is
the conductivity, K is the thermal conductivity) increasing was
predicted due to size-quantization of the energy spectrum of
carriers and semimetal - semiconductor transition which is a
particular case ofETT [5,6 ].
Research of abnormal kinetic properties on Bi and its alloys
single crystals at Lifshits electronic-topological transitions [7]
attracts great attention, as result of low characteristic energies
in Bi (electron Fermi energy rF :30 meV, hole Fermi energy
at T point ofBrillouin zone aFr: 12 mev, the gap at the point
L €s: 15 mev). ETT may be easily obtained by weak doping
with donor impurif (Te) or acceptor one (Sn), as well as by
deformation. According to [7] kinetic coefficients in the
vicinity of ETT should have singularities of qpe lzlttl2,
where Z:p-e", (p is the chemical potential, ec is its critical
value). In paper [8] it was shown that singularities behavior of
kinetic coefficients are determined by singularities of the
carriers relaxation time r. The most pronounced peculiarities
o- lzl'" appear for thermopower. Singularities for
conductivity are of th e type c-l Zltt2.
In paper [9] it was shown that the interband scattering of
canies plays the decisive role in the dependence ofo'and cr on

ETT. Intervalley and interband transitions of carriers in Bi are
realized by acoustic phonons with energy 40 K, their
contribution in scattering processes exponentially falls with
temperatnre decreasing. At 4.2 K the relaxation time of
intervalley transitions is almost 100 times geater than the
pulse relaxation time due to intravalley scattering.
However, in low-dimensional objects it may be expected that
due to surface scattering relaxation times will be of the same
order, similar to impuity scattering in Bi-Sb alloys [10]. In
particular, the positive values of thermopower in Bi nanowires
was explained assuming an interband scattering in the low
temperature range [l 1].
Avialability of the magnetothennopower "gigant" quantum
oscillations also point out the essential role of the interband
carriers scattering. [1 1]
Bismuth and its alloys are exfiemely convenient object to
observe singularities of kinetic coefiicients at ETT, as far as
at deformation a continuous transition over critical values of
Fermi energy may be obtained on the same sample. From this
point of view the most attractive are Bi-based thin
monocrystalline wires in glass coating.In such objects it is
methodically easy to obtain uniaxial elastic extension, and at
the same time such wires resist elastic deformations up to 37o
of relative extension , that by an order of magnitude exceeds
possibilities of bulk samples [15].

This paper deals with investigation of characteristic
properties of thermopower, magnetothermopower and of
resistance at ETT induced by extension ofBi wires doped with
Te.

Samples.Experiment
Thin wires of Bi and its alloys with Te were prepared by
liquid-phase casting, in a glass coating, with diameter from
100 nm to I p. [1]
All samples were monocrystalline of cylindrical shape. They
have the same orientation, the wire axis coincides with fL
direction of the reduced Brillouin zone, that is in [0ll]
crystal direction.
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Fig. 1 Angle diagrams transverse nagnetoresistance (I{-L I)

Bi nanowires T=4.2 K. 1- Bi. d=350 nm. H=5T: 2- 8i0.0025

at.% Te, d=330nm; 3- Bi-0.001 at.% Te. d=100 run. H=147

Rolation argle diagrams of lransverse maSretoresist:l nce of

prrre Bi and Bi-Te rrires are shown irr Fig l The stntcntre of

such diagra-nrs allows to conclude ttrat the saflples have the

same orientation. At lhe position 0=900 the nragnetic field H

is along to the binary C2 axis transversal to \f ire The

e$ension device represent a displacement uansfomrer' it is a

thin-rirg made of berylliurn bronze in $'hioh a sample rs

fixed. The device allows 10 neasrue automatically resistance

ald thermopower vercus extension €=Al,4r. rvhere lo is the

initial sample length of about 2-3nxr Drring c/.

measluements the Gnperatue gradient was at the level of 2-

3o
Changes in Fermi surface cross secticll was reliabl)'

registered using Shubnikov - de Haas oscillatiols (ShClI) ir

magnetjc field up to 14 T. Magnetic measrrements were

perfomed in tlte International Laboratory of Sfong N{agnetic

Fields and Low Temperatures, Poland, Wroclaw.
The excellent data reproducdon of dependences of resistance

R and oc, as well as Shubnikov - de Haas oscillations as a

fixrction of deformadon aliows to conciude tilal all leseaJcll

was nade in tle range of elastic deformations.

Reiult and Discussion
We have studied tlle wires with composition Bi - 0.001alo/oTe,

Bi - 0.0025a19/oTe, Bi - 0.005ato/oTe and diameter of 100 nm -

I p. Depenclences of longitudinal magnetorestance (H II I) at

+.2 K are shown in Fig. 3,4. The pronoulced pattern of ShdH

oscillations frofl two electrorfc ellipsoicls s-vnmetrical with

respect ro dle wire aYjs has allorved to determine &eir quasi-

classical frequencies according to tr6-r=s+$'/sh and erraluate

eF position for all thjee cornpositions: 37- 43- 47 lnev-

respectively,according [14]. That is, for compositon Bi -

0.0025ato,/oTe eF is located n€r the top of 1he T- r'alence band

energetic e.rltremum on tlle distance about 1- meV For rvires

wlth 0.005ato/oTe sF is located at the distance -5-6 mev

above the T- valence band. Thus' in those wires the Fenm

surface consists of three elecfonic ellipsoids in L point of

Briliouin zone. ln tvires with Bi - 0 00lalo/oTe Er is found

lower the top of T - valeuce band Concentrations of carriers

estimated according to exPression
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was 4.5*1017 cfl43, 7+10r? crir 3. 1*10rs crn'3 this coincides

rvell wittr values obtatEd in bulk sarrples of the same

composions 114 ). Contrary to results obtained for BiTe

nanowire arrays the Te etncietrcy coefficiellt is close io udty'

In order to clear up the changing of exFelnal s€ctions of

Fenni surface (IS) at defoffations the dependences of

rcsistance R(tI) ard magnetothernopowcr c(fl; versus

magnetic field (to 14 T, H II I) were measured at constant

e$ension ( r'alues.The subsequent increasing of E = Al/h

allows sure to follolv fhe period of ShdH quannrm oscillations

alteration and register corresponding the Fermi surface

topolo&v changing. The dependences of resistance R and

themropolver cr rvere measured without magnetic field at

varioui temperahues witl the aim to shrdv ETT

ma iestations or c(6) and R(e)
First the dependetrces of R and c,, as functiotr of temp€rature

Dumose to find out the size effect influences on these

clraracteristics rvere measured iII the tenperature l?'l:.ge 4 2 -

300 K fot rvires oand various diameters 'with the purpose to

find out the size effect influences on these charactenstrcs
(Fig.2,a,b ).

T,K

Fig. 2. The temperature dependences of the rceidual

resistance R1,/R.300 (a) and lhennopower ct (b) nanos'ires Bi

with donor impuritv Te as parameter: 1.Bi-0 0005at%Te'

d=200run; 2.8i0.00 1 at9loTe, d= i00mn; 3 -8i.0 00 1 5at9zoTe,

d=200run: 4-Bi-0.0025at7oTe, d=200 n; 5.Bi-0 005at%te:

d=300 n; 6.Bi-0.02at%Te, d=350nm
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t'ig. 3a The rcsistance of Bi4.(!025af/iTe - yrire,&-2ulnn as
a function oflhe rnagnetic lield rvitl relatile elongation { as a
parameter:1.€:0. 2.+0.7%. 3.+1.1%, 4.e=1.5y., 5.?1.7o/,,
6 .e= 1 .9%. Insert(on the boftom) d1e dependences of guant'Jm
number SdH oscillations vs l,/H, (on the top)-the the period
SdH oscillations frorn L-electrons and T-ho1s vs €.
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Fig. 3b The dependences of the resistance and dlermopower
in nagnetjc field lor Bi - 0.0025 at % Te-wire.5=1.8o/o.
Insert - the dependences of guanlum number SdH oscillations
vs 1/H.

On Figs. 3 4b and ,1 4b the dependences of the resistarlce
arrd ttrermopow€r in nragnetic field for wires with
compositions Bi - 0.0025 at Yo Te zmd Bi - A.OA5 ai Yo
Te,respeciively ai vadous extensions are shown.
Redistribution of cariers betrveen 11 raileys at extension
leads to Fermi ievei displacenent dovn al,ong the enetsr
scale relative to the term in T. At some € value tle Ferrni
level comes in conlact villr the valence tand top, and a hole
surface appears in T-point of Brillouin zofle. As well as in
paper [5], for bulk sample of the same composition the
contact momenl (on the base of ShdH oscillations due to
holes appearance in T) &"s not obs€rved in experimenl while

measuring R(t{) and a(tt). This is due to lorv hole
conc€ntration and their high effective nrass. However
possibilitl to pcrfolm an clastic cxtcnsion of thin Eircs up io
i.5-1.8% enabled us to rEleal the T-hole ShdH oscitlations at
F">i7o, wt$u 0reir corr(euhaliou irr tlre s\tersiot pto€ss has
become of the ordet of 3 x 10r' crn-3. This concentration is
near ro one in pure Bi without extension.

o 2 4 e 8 1 0  1 2  1 4
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Fig.4 Th6 dependences of resistance (a) and thernopower {b)
as a furction of the nngnetic field with relative e{ensions €
as a parameter Bi-0.005a1ol.Te -wir€, d=300 nm. L- 1=O%,2-
?O.gVo" 3- +1.5%, 4- +1.7o/tInsert (a) the dependences
of guartum numbe.r SdH oscillations vs 1/H. hserto) - the
dependece of the p€riod of ShCH oscillations vs (.

The most pronounced oscillations of that kind due T-holes
may be seen on tie c.(D curv:e at (>1.87o of '!he relative
erlension (Fi93,a,8. Changes in tie Ferni surface topology
are determined by the flow phenomenon of ca|rriers betwesn
L exlremums.
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Fig 5. Deforrnation dependences resistivity R(S, the scale
on the left and thei"mopower q(€)(absolut signal I'alue), the
scale on the riglrr 8i4.0025at9'oTe wire rvith d:200nm.
1,2 - T:20K; 1'- T:60K; (lt) Defofitaiion depetdences of

the resistivity Bi-o.AA25atc/oTe wire, d:22onm, t- T:1.6 K
2-T:4.2 K.

0,2 0,4 0,6
H . , T '



The moment of o.rerlapping with T-term appears may be
determined from dependences of r€sistance KO and
thermopower c{(€) versus defornation {Fig.5).
This dependences resestivity R(O are tipical for phase
rransition: tbe sharply decreasing (-25%) at low temperature
(1.6K) in the the interval elastic tension € - 0.6{.8yo and
slarrlv montonicall) decreasing (-10 o/o) at the heights
temperahre (2oK) in the intewal E -0.6 l.75yo.
Thermopower in the ETT point has a pronounced peak of
negative polarity (Fig.s ) . and resistance begins to fall, when
hole cavity of the Fermi surface appears. Increasing of the
total number of cariers leads to deseasing of rqsistance.

Al frrrther extension a maximum of posilive polarify
appears on tI€ deformation curve e(g) (Fig.S), it gires
evidence that one of L-electrcnic ellipsciCs di$ppear.
Qualrtatively tlrc results obtained arc in good ageement $ith
conclisions ol papcr [81. Thc thcnnopowcr docs not changc
r ts  srBr r r  ur€ vr , ruq/

approaching to ihe ETT transilion interband scatt€rirg first
becornes signifi€nl for eiecirons locaied under tlle Fenld
level. By this reason it courpensate the contribution of
electrons located above the Fermi level in less degree, so that
thermopower peak appears of the sane sign as the
thermopower has far ffom the transition.

As it is seelr from Figs. 3, 4 the "gianf' thermopower
oscillations in magnetic field also appear as r€sult of the
involving in transport ofT-holes- Here the amplitude of ShdH
oscillations on the resistance curves R(ID decreases at
extension. According to [11] this anosraly is elso related with
interband scattering. that is most pronounced in
tl€rmopower, which at stroqg degeneration present the
difference of two geat quantities: tfrcrmopower of electrons
loca'.ed abole the Fermi ls'el and '.hos6 located under the
Fermi level.

Summary
In thin wires of Bi doped with Te a number of anomalies

rvere found out at ETT: the "giant" oscillarions of the
thermopower in magnetic field and peculiarities in
deformation curves of thermopower and resistance In
general the_I. testiry that the inteftand scattering of carriers
plays the decisi.re role in rvires of Bi and Tedoped Bi at lovr
temperatue area.
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