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Large influence of uniaxial stretch (strain) S and compression P on transverse and perpendicular resistivity p and magnetore-
sistance (MR) of polycrystalline n-Bi films was investigated. The calculations were performed on the basis of polycrystalline
Bi thin film model and electron intervalley repopulation in deformed film crystallites. The calculations show that in n-Bi films
the influence of P on p can be many times larger because 7-holes in Bi films significantly reduce the effect of deformation.
It was found that S and P cause considerably different dependences of p and MR on magnetic field strength. The effect of P
on the p and MR is of opposite sign as compared to S and can be larger than that of S. In strong non-quantizing magnetic
field region the transverse p appears to be independent of deformation. The investigated high-quality 1.5 pm thick Bi films
consisting of up to 200 pm length crystallites were deposited on non-crystalline substrate and annealed at critical temperature
close to the film melting temperature. The experimental results confirm the theoretical predictions.
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1. Introduction

The low carrier concentration together with a small
effective mass and a long mean-free path has made Bi an
ideal material for quantum transport, galvanomagnetic,
and deformation investigations. The highly anisotropic
Fermi surface and high carrier mobility has also made
Bi important in applications.

Strong anisotropy of the electrical conductivity of
bulk bismuth and Bi;_,Sb, single crystals under uni-
axial stretch in binary Cy axis direction was observed
in Shubnikov—de Haas effect measurements at liquid
helium temperature in Ref. [1] and in magnetoplasma
waves at 77 K in Refs. [2,3]. It was shown that the
anisotropy and orientation of the Fermi surface hole
“ellipsoid” and electron “‘ellipsoids” remain unchanged
in a wide range of deformations. However, Lifshitz
electron phase transitions and topological alterations of
the Fermi surface (3¢ + 1h — 2e + 1h, 3e — le,
3e — 2e¢) were observed. The stretch in the direction of
(5 axis causes the transitions of electrons from Lo- and
Lg-valleys to Li-valley with high resulting anisotropy
of electron mobility. The electrical piezoeffect caused
by the deformation-induced anisotropy of electron mo-
bility in the semiconducting Bi;_,Sb, was measured
by the crossed induction coil technique [3].
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The application of bulk single crystals is limited by
their low mechanical strength and complicated technol-
ogy required to prepare single-crystal devices. Many
workers have studied the galvanomagnetic effects of the
bismuth films extensively. They have found that a neg-
ative MR of the semiconducting Bi;_,Sb, polycrys-
talline thin films at low temperatures is due to strong
quantizing magnetic fields that transform the energy
band structure of microcrystallites and the properties of
semiconductor—semimetal transition at these fields [4].
A detectable anisotropy was experimentally observed
in the uniaxially deformed and unannealed thin (30-
650 nm) polycrystalline Bi films consisting of small
crystallites [5, 6]. It was demonstrated that thin Bi and
Bi;_,Sb, films are promising in the development of
deformation and magnetic field sensors [6,7]. High-
quality single-crystal (epitaxial) Bi films exhibit large
magnetoresistance (MR) at low and room temperatures
[7-9]. However, the fabrication of such films is ex-
pensive and complicated because special techniques
such as molecular beam epitaxy (MBE) growth [9], or
electrolytic deposition (electrodeposition) on orientated
single-crystal substrates combined with special anneal-
ing [6, 8] are required.

Only recently high-quality Bi thin films have been
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produced using an inexpensive and useful method of
the evaporation of Bi onto various non-crystalline di-
electric substrates in high vacuum with a postanneal-
ing process at critical temperatures close to the film
melting temperature [10, 11]. The large magnetoresis-
tance of these films is associated with high anisotropy
of L-electron mobility in large high-quality crystallites.
The films of high quality can be used in a variety of in-
dustrial and practical applications. Recently we have
reported our investigations on longitudinal magnetore-
sistance in high-quality stretched and compressed Bi
films [12]. However, the influence of uniaxial deforma-
tion can be much larger for the transverse magnetoresis-
tance, where the magnetic field B is in the film plane
perpendicular to the current direction, and the perpen-
dicular one, where B is perpendicular to the film plane.

In this paper the investigations of the large influence
of uniaxial deformation on transverse and perpendicular
magnetoresistance of high-quality thin polycrystalline
n-Bi films are reported. The calculations are based on
the previously proposed and improved polycrystalline
Bi thin film model that includes electron transitions be-
tween L-valleys in deformed film crystallites. The cal-
culations are compared with the experimental investiga-
tion results on high-quality thin polycrystalline Bi films.

2. Resistivity of uniaxially deformed polycrystalline
Bi and Bi;_,Sb,,. films

The total resistivity of a polycrystalline bismuth film
results from the contributions of resistivities of individ-
ual microcrystallites. The majority of microcrystallites
are at angle to the surface of the substrate so that the
crystallite trigonal crystallographic axis Cs is oriented
to the surface normal at angles smaller than 5°. On the
other hand, the microcrystallites are not pointing ex-
actly in the same direction in a film plane and the state
of the film can be treated as quasi-isotropic.

The resistivity of uniaxially deformed polycrystalline
Bi films was calculated using the model proposed in
Refs. [5, 6, 13] that was improved by taking into account
the electron transitions between L-valleys in deformed
film crystallites. The film was represented by a struc-
ture consisting of the microcrystallites having trigonal
surfaces parallel to the film surface. The prepared Bi
films thickness d is equal to the microcrystallite thick-
ness. The resistivity p of these films can be represented
as a series of resistances p;/l1 and pgp/l2, where py
and pgp are the resistivity of the grain and the resistiv-
ity of the grain boundary, respectively. The grain size

[ is much larger then the grain boundary thickness [,
therefore

p1 (23) ZZ;)Gb 0
1

Since pgp is independent of magnetic field, MR is in-
dependent of the small term that contains pgp. In the
absence of uniaxial deformation the state of thin film
in the substrate plane can be treated as quasi-isotropic.
However, the stretch or the compression in microcrys-
tallites induces a transfer of electrons between L-valleys
that can result in anisotropy of the film conductivity.

In uniaxially deformed Bi and Bi;_,Sb,, the en-
ergetic position of three electron L-valleys, as com-
pared to the bottom of the valence zone at 1" and L
points, depends on the direction and magnitude of the
deformation. Either the stretch .S in the direction of
binary Cs axis or the compression P in the bisectric
(' axis causes a transfer of electrons from Lo- and
Ls-valleys to Li-valley. The compression in C'y axis
or the stretch in C axis induces a transfer of electrons
from L;-valley to Lo- and Ls-valleys [1]. From Bi crys-
tal symmetry and topology of the isoenergetic surfaces
it follows that the microcrystallites in substrate plane
roughly can be divided into two groups. One group of
the microcrystallites has C'; crystallographic axis while
the other group has Cy crystallographic axis randomly
orientated in the Bi film plane at angles smaller than
+15° with respect to the direction of uniaxial defor-
mation. Due to mentioned electron repopulation be-
tween L-valleys, it follows that for microcrystallites of
these two groups, in the presence of uniaxial deforma-
tion, the same type of anisotropy dominates [5]. There-
fore, either the stretch or the compression can induce the
anisotropy in conductivity measured in the film plane.
A detectable anisotropy was experimentally observed
in the uniaxially deformed and unannealed thin (30-
650 nm) polycrystalline Bi films consisting of small
crystallites [5, 6].

Theoretical calculations of intervalley repopulation
and mobility of L-electrons in Bi microcrystallites [14]
were based on the McClure equation [15]. The energy
spectrum of electrons in this equation is assumed to be
non-parabolic and the isoenergetic surfaces are nonel-
lipsoidal. As it is easily predictable, the repopulation of
electrons is much higher at lower temperatures, but even
at 300 K there is a considerable part of extra electrons
remaining in the higher-energy Li-valley (about 50%
in the lower-energy Lo-valley at deformation €., =
0.25%). This means that at 300 K the repopulation
of electrons into one or two valleys is far from com-
plete. It should noted that the Shubnikov—de Haas ef-

p(B) =
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fect measurements at liquid helium temperature show
that in Bi crystals the one-valley semiconductor is re-
alized for deformation ¢, > 0.18% [1]. The measure-
ments of electrical piezoeffect in tellurium-doped semi-
conducting n-BiSb crystals at liquid nitrogen tempera-
ture show that under stretch in the direction of the bi-
nary C axis the electron repopulation ratio is ny /ny, >
0.9 at —e,,; ~0.15%. Here n; is electron concentration
in L;-valley and n, is electron concentration in all L1-,
Lo-, and Ls-valleys [3]. This means that at liquid nitro-
gen temperature with +e,, =~ 0.25% the repopulation
of electrons into one or two valleys should be complete.

The conductivity of undoped as-grown Bi films is
fixed by concentration and mobility of L-electrons
and T-holes. The total magnetoconductivity tensor of
the film microcrystallites can be found by consider-
ing transport properties in undoped Bi films in non-
quantizing magnetic fields and summing the partial
contributions of L-electrons and 7T-holes. Calculations
of resistivity and MR in non-quantizing magnetic field
region were based on the polycrystalline film model
making use of the crystallite resistivity tensor p el-
ements obtained from mobility-field product calcula-
tions [10]. Typical mobility values of Bi at liquid nitro-
gen temperature for electrons in the vicinity of L points
are [y = 59, Mo = 1.12, H3 = 32.7, Hq4 = —3.8, and
for T-holes they are 11 = v9 = 9.38, v3 &~ 514 in units
of 10* cm?V~1s~1 [16]. Here the subscripts 1, 2, and
3 label binary, bisectric, and trigonal axis, respectively.
The magnetoconductivity tensor of crystallites was de-
termined using typical L-electron and 7'-hole mobility
w; and v; values of bulk Bi and the measured concen-
tration n of the film charge carriers. We assumed that
the resistivity and MR dependence on uniaxial defor-
mation of Bi films can be attributed to the deformation
induced transition of electrons between Li-valley and
Lo- and Ls-valleys in the film crystallites. In addition,
we assumed that at 77 K and the deformation +¢,, ~
0.25% the transition of electrons between L1-valley and
Ls- and Ls-valleys in Bi film crystallites was complete.
The magnetoresistance was calculated by using the ex-
pressions [R(B) — R(0)]/R(0), where R(B) and R(0)
are film resistances at magnetic field B and in the ab-
sence of magnetic field, respectively. It should be noted
that the concentration n of L-electrons and 7'-holes in
Bi film crystallites was independent of deformation and
magnetic field. Therefore, for comparison between typ-
ical experimental and calculated transverse pr and per-
pendicular pry resistivities of Bi film, the inverse mobil-
ity n e p; was used
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Fig. 1. Calculations of the ne p; and MR field dependences for

polycrystalline n-Bi films: (a) for transverse resistivity pr and

(b) for perpendicular resistivity prr in the compressed (curves /),

undeformed (curves 2), and stretched (curves 3) films at 77 K (solid

curves) and 300 K (short dash curves). The insets in (a) and (b)
show calculated MR magnetic field dependences.

3. Transverse and perpendicular MR in deformed
Bi films

3.1. MR in n-type Bi films

The calculated data suggest that the uniaxial defor-
mation effect on MR is larger in n-type, e. g. Te-doped,
Bi films where MR is due to electrical conductivity
of L-electrons. A comparison of calculated values of
n e p; for transverse pt and for perpendicular pry resis-
tivities of the n-Bi film at 77 K and 300 K is shown in
Fig. 1. Here electron concentration in all L1-, Lo-, and
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Ls-valleys n is independent of deformation and mag-
netic field. We assume that the deformation is enough
for the repopulation of electrons into one or two val-
leys to be complete in the temperature range considered.
As can be seen, the deformations of film due to uniax-
ial compression P increase resistivity whereas due to
stretch S they decrease it. The magnitude of both pry
and pr strongly depends on the unixial deformation at
weak magnetic fields, when w.7 < 1 (here w, and 7 are
cyclotron frequency and relaxation time of charge carri-
ers). However, here pr1 and pr only slightly depend on
B. In this B range pri(P)/pn(Po) ~ pr(P)/pr(Py)
and pr1(So)/pui(S) = pr(So)/pr(5).

The influence of uniaxial compression deformation
P is by an order of magnitude larger than that due to
the stretch S. At 77 K temperature pr;(P)/pr(Po) =~
14 and pr(So)/pu(S) ~ 16, with pra(P)/pu(S) ~
24. The calculations show that the higher resistivity of
compressed film is due to microcrystallites with high
anisotropy of the electron mobility. The perpendicular
resisistivity ratio, prr(P)/pn(Po) and pri(So)/pn(S),
is independent of B, while the perpendicular MR is in-
dependent of the deformation in a whole classical mag-
netic field range (see inset of Fig. 1(b)). The pr; and
pt show different effects of deformation at higher mag-
netic fields, when w7 > 1. In such magnetic fields
the effect of uniaxial deformation on pr decreased as B
was increased and pr appeared almost independent of
deformation at w.7 > 1. On the other hand, the MR
was found to be dependent on the uniaxial deformation.

The compression significantly reduced the trans-
verse MR, while the stretch increased MR (see inset of
Fig. 1(a)). In stretched n-Bi film at 77 K and at 2.6 T
magnetic fields the transverse MR was ~10000.

As can be seen from Fig. 1(a, b) the peculiarities of
calculated n e p; magnetic field dependences at 300 K
as compared to those at 77 K are pushed to higher
magnetic field range in proportion to (w.r)~!. At
300 K and at weak magnetic fields pr1(P)/pn(FPy) ~
pr(P)/pr(Py) =~ 8. It should be noted that the
transition of electrons between Li-valley and Lo- and
Ls-valleys at 300 K and at deformation +¢,, = 0.25%
in fact has not finished. Therefore, the influence of the
uniaxial deformation on pr; and pr can be noticeably
less.

3.2. MR in deformed pure Bi films

Figure 2 shows the calculated magnetic field depen-
dences of the nept and nepry in uniaxial deformed and
undeformed pure Bi and n-Bi films. As can be seen
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Fig. 2. Magnetic field dependences of quantity n e p; for polycrys-
talline Bi and n-Bi films at 77 K: (a) transverse resistivity pr and
(b) perpendicular resistivity pri. Calculations: for Bi film (solid
curves) and for n-Bi film (short dashed curves); for compressed
(curves 1), undeformed (curves 2), and stretched (curves 3) films.
Experimental results: for 1.5 pm thick Bi film at £e,, ~ 0.25%
(down-triangles for compressed, circles for undeformed, and up-
triangles for stretched).

from Fig. 2(a, b), in deformed Bi film the dependence
of calculated pry and pr on magnetic field is qualita-
tively similar to that in n-Bi. However, T-holes reduce
the deformation effect in pr; and pr. The holes cause a
strong decrease of uniaxial deformation effect in uniax-
ially compressed Bi films. The ratio pri(P)/pmn(0) ~
3 at 77 K and zero magnetic field. For comparison,
in n-Bi one finds pr1(P)/p(0) ~ 14. However, in
strained Bi and n-Bi films pr1(0)/pr(S) ~ 1.6.

The strong decrease of pry, pr of compressed film
could be explained by difference in anisotropy of con-
ductivity caused by electrons and holes. The Fermi
surface of T-holes is an ellipsoid of revolution with
its major axis along the trigonal axis. The holes in
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the film plane have isotropic mass. In the film plane
the isotropic conductivity due to 7-holes strongly re-
duces the anisotropy of the total conductivity deter-
mined by L-electrons. Particularly the T-holes strongly
reduce the deformation effect in compressed films when
the conductivity is caused by crystallites with high
anisotropic conductivity.

The large changes in transverse pr and perpendicu-
lar pry resistivity were obtained in magnetic fields when
both electrons and holes satisfy the condition w.r >
1. This is also caused by a difference in mobility and
anisotropy of electron and hole mobility. On the other
hand, the conductivity caused by 7T'-holes in plane per-
pendicular to film plane is anisotropic. The holes are
responsible for the transverse MR and pr1(B)/pri(Bo)
dependence on the uniaxial deformation in magnetic
field region, where w.T > 1.

4. Experiment

Bismuth thin polycrystalline films were prepared by
thermal vacuum evaporation onto Corning 7059 glass
substrates. The deposition of 99.999% pure Bi was per-
formed using a Mo boat at a pressure of 1075 torr and
an evaporation rate of ~1.5 nm/s. The distance be-
tween the Bi source and the substrate was about 10 cm.
The films were plated at substrate temperature 390 K.
The film thickness d varied from 0.3 to 1.5 um. The
annealing process was performed in vacuum at crit-
ical temperature T near the film melting tempera-
ture [10, 11]. At this temperature small molten crys-
tallites create favourable conditions for the growth of
larger crystallites having a higher quality and more or-
dered crystalline structure. The size of the crystallites
ranged from 50 to 200 um. In this way obtained films
had high-quality crystalline structure and large MR. At
77 K and 2.6 T magnetic field they exhibited MR up
to 14000%. These values are comparable to the MR of
thicker single-crystal films fabricated by electrodeposi-
tion onto a Si (100) wafer with thin Au underlayer [7]
and also of epitaxial Bi films grown by MBE [9].

Sample films were shaped in a form of 2 mm wide
strips. Thin Ag films at the ends of the strips, which
were deposited onto the Bi film using suitable masks,
served as electrical contacts. Finally, Cu leads were
attached to Ag contact areas by means of Ag based
conducting epoxy. The experimental arrangement in
deformation investigations was similar to that used in
Ref. [6]. The deformation =&, in thin Bi films was cre-
ated with the help of external force +F applied to the
system consisting of thin film and glass substrate plate.

The mechanical parameters of the system allowed us to
evaluate the deformation +e,, = £Al/ly, where Al is
the change in the film length /g. The +¢,, was calcu-
lated assuming that the tension in the system is elastic:

6F'[

Ybd?’ @
where [ is the distance between the centre of the thin
film element and a point where the force +F" is applied,
b and d are the glass plate width and thickness, Y is the
modulus of elasticity (Young’s modulus). The error in
deformation measurement was up to 10%. The homo-
geneous deformation over the film surface and thick-
ness was achieved by choosing suitable film and glass
plate dimensions. Measurements of perpendicular and
transverse resistivity were performed at 77 K in dc mag-
netic fields up to 2.6 T. The experimental values of prg
and pr were calculated from the measured values of
the Bi film sheet resistance Rs(B), film overall dimen-
sions, and concentration of charge carriers. The defor-
mation €, ~ 0.25% corresponds to the complete elec-
tron repopulation in Bi film crystallites and, therefore,
the knowledge of precise values of the deformation is
unimportant. The typical experimental p = f(+e.,)
curves exhibited saturation at +¢,, ~ 0.2%.

tep, ==+

5. Results and discussion

The experimental dependences of the transverse and
perpendicular magnetoresistances on magnetic field
strength for the undeformed, stretched, and compressed
1.5 pm thick undoped polycrystalline Bi films is shown
in Fig. 2. As seen from experimental results in Fig. 2,
a large effect of uniaxial deformation on the resisistiv-
ity is observed. It should noted that the measured effect
of uniaxial deformation on resisistivity and deformation
induced anisotropy of the electrical conductivity in an-
nealed at critical temperatures Bi films is over ten times
larger than that in unannealed polycrystalline Bi films
at crystallite size from 200 to 400 nm.

As seen from Fig. 2, a qualitative agreement between
the calculated and experimental magnetic field depen-
dences of deformed and undeformed Bi film resistivities
is obtained. However, the calculations show stronger
deformation effect. The difference between calculated
and experimental pr; n e and pr n e values depends on
the deformation type. Atzero magnetic field the experi-
mental ratios are p;(P)/p;(0) ~ 2.1 and p;(0)/p;(S) ~
1.5 (the calculated ones are 3 and 1.6, respectively). A
good fit between the experimental and calculated values
of resistivity is obtained for stretched films. However,
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the discrepancy obtained for compressed films could
not be explained by the measurement error.

The compressed Bi film partly consisted of the mi-
crocrystallites with high anisotropy of the electron mo-
bility, therefore, the influence of the isotropic extra scat-
tering on deformation effect can be large. The isotropic
grain boundary scattering in suitably annealed Bi films
is weak. However, isotropic extra carrier scattering
from film surface or imperfections which reduce the
anisotropy of electrical conductivity and MR can come
into play [9]. In Ref. [10] it was found that an increase
of the film thickness d from 0.3 to 1.5 pum increases the
value of MR by up to 80%. Atd < 1 um, the MR ver-
sus d dependences are sublinear and tend to saturation
at d > 1 um. This property was explained assuming
that at 77 K the finite-size effects are important in car-
rier scattering from the film surface, since they influ-
ence carrier mobility and MR. The decrease of MR in
0.3 pum film was noticeably dependent on magnetic field
B. In a perpendicular geometry the cyclotron orbits of
the free charge carriers are in the film plane. In contrast,
in the transverse geometry the cyclotron orbits become
perpendicular to the film plane. Therefore, the surface
scattering can noticeably reduce the transverse MR. As
can be seen from Fig. 2, the difference in the exper-
imental and calculated values of transverse resistivity
for undeformed 1.5 pm film at w.7 > 1 is not small.

Another factor that reduces Bi film anisotropy and
deformation effect can be the abovementioned disorien-
tation of Cy and C axis of crystallites in the film plane
with respect to the direction of uniaxial deformation.
On the other hand, the anisotropy of the electron scat-
tering and deformation effect can be slightly reduced
by presence of small angles between crystallite Cs axis
and the film surface normal. However, the better then
expected agreement between the experimental and cal-
culation lets us to suppose that these factors will reduce
the deformation effect only slightly. Alternatively, the
maximal experimental magnitude of p(P)/p(F,) for
n-Bi also could be reduced by an extra carrier scatter-
ing. Therefore, the ratio pri(P)/pr(P = 0) could be
as high as 11.

6. Conclusions

Our investigations show that large uniaxial deforma-
tion effect in high-quality polycrystalline Bi and n-Bi
films is the result of topological alterations of the Fermi
surface which reflects the energy band structure of mi-
crocrystallites and the intervalley repopulation of elec-
trons between high anisotropic L-valleys. The calcula-

tions suggest that the uniaxial deformation effect can be
very large in doped n-type Bi films, where anisotropy
of film conductivity is determined by concentration and
mobility of L-electrons. The results presented in this
paper confirm our earlier explanations of the origin of
deformation effects in Bi polycrystalline films [5] and
indicate new directions for further investigations. High-
quality Bi films can be prepared using various non-
crystalline substrates and, therefore, may be suitable in
a variety of industrial and practical applications, e. g. in
the development of high-sensitivity magnetic field and
deformation sensors.
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KRYPTINGAI DEFORMUOTVU PLONU POLIKRISTALINIU n-Bi SLUOKSNIU SKERSINE
MAGNETOVARZA

R. Tolutis

Puslaidininkiy fizikos institutas, Vilnius, Lietuva

Santrauka

Didelis polikristaliniy Bi sluoksniy mechaninis atsparumas, uni-
kalios elektrinés savybés ir pigi ju gamybos technologija lemia pla-
¢ias ju panaudojimo perspektyvas. Deformuoty Bi polikristaliniy
sluoksniy skersin¢ (magnetinis laukas sluoksnio plokStumoje stat-
menas srovei) ir statmena (laukas statmenas sluoksnio plokStumai
ir srovei) savitoji varza p ir magnetovarza MR buvo tirtos naudo-
jant iSplétota teorinj polikristalinio sluoksnio modelj. Jame buvo
atsizvelgta i kryptingos deformacijos sukelta elektrony persiskirs-
tyma tarp L sléniy. Polikristalinis Bi sluoksnis turi izotropinj lai-
duma. Buvo parodyta, kad kryptingai deformuoto polikristalinio Bi
sluoksnio kristalituose turéty buti stebima skirtingo dydZzio, taciau
tos pacios krypties laidumo anizotropija. Tai lemia ir sluoksnio ani-
zotropija. Sluoksnj tempiant jo plokS§tumoje, pagrindiné laidumo
anizotropijos asis sutampa su deformacijos kryptimi, o ji suspau-
dus — statmena deformacijai. Skaiciavimai parodé, kad suspaudus
polikristalini n-Bi sluoksnj yra stebimas didelis skersinés ir stat-
menos varzos pokytis. Sluoksni tempiant magnetovarzos pokytis
yra daug maZesnis ir turi prieSinga Zenkla nei spaudZiant. Ypa-
tingai didelis iki 1400% magnetovarZos pokytis stebimas suspau-
dus n-Bi sluoksni 77 K temperatiiroje. Deformuotame polikristali-
niame Bi sluoksnyje stebima skirtinga skersings ir statmenos p pri-

klausomybé nuo magnetinio lauko. Stipriuose magnetiniuose lau-
kuose skersiné p nepriklauso nuo deformacijos, o deformacijos po-
veikis statmenai p nepriklauso nuo magnetinio lauko. PanaSios,
tik silpnesnés p priklausomybeés iSlieka ir esant 300 K, tik pasi-
slenka | didesniy magnetiniy lauky sritj. Poveiki p maZina maZesnis
elektrony persiskirstymas tarp L sléniy. Svariame Bi puslaidinin-
kiniame sluoksnyje 1" skylés, turédamos trigonalinéje plokStumoje
izotropini judri, Zymiai sumazina L elektrony lemta sluoksnio lai-
dumo anizotropija, o tuo paciu ir deformacijos poveiki.

Eksperimente tirta kryptingai deformuoty 0,3-1,5 pm storio po-
likristaliniy Bi sluoksniy skersiné ir statmena varza. Sluoksniai
buvo gauti vakuuminio garinimo btidu, véliau juos iSkaitinant krizi-
néje temperattiroje, artimoje sluoksnio tirpimo temperattrai. Tokiy
sluoksniy kristality skersmuo gali siekti kelis Simtus mikrony. Di-
delé magnetovarza (esant 77 K ir 2,6 T siekianti 14000%) rodo gera
tokiy sluoksniy kokybe. Sluoksniai buvo kryptingai deformuojami
iki 0,25%, kada 77 K temperatiroje elektronai turi visiSkai persi-
skirstyti tarp L sléniy. Matavimy rezultatai patvirtina prielaida,
kad kryptingai deformuojant polikristalini Bi sluoksni jo skersiné
ir statmena varZa kinta deél elektrony persiskirstymo tarp anizotro-
piniy L sléniy.



