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Largein uence of uniaxial stretch(strain)S andcompressiorP on trans\erseandperpendicularesistvity Y2andmagne-
toresistancéMR) of polycrystallinen-Bi Ims wasinvestigated. The calculationswere performedon the basisof polycrys-
talline Bi thin Im modelandelectronintervalley repopulationin deformed Im crystallites. The calculationsshowv thatin
n-Bi Ims thein uence of P on %canbe mary timeslarger becauseT -holesin Bi Ims signi cantly reducethe effect of
deformation.lt wasfoundthatS andP causeconsiderablyifferentdependencesf “2andMR onmagneticeld strength.The
effectof P onthe%andMR is of oppositesignascomparedo S andcanbe largerthanthatof S. In strongnon-quantizing
magneticeld region the trans\erse¥zappeargo beindependentf deformation.The investigatedhigh-quality1.5* m thick
Bi Ims consistingof up to 2001 m length crystalliteswere depositedon non-crystallinesubstrateand annealecht critical
temperatureloseto the Im meltingtemperatureThe experimentakesultscon rm thetheoreticabpredictions.
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1. Intr oduction

Thelow carrierconcentratioriogethemwith a small
effective massand a long mean-freepath has made
Bi an ideal materialfor quantumtransport,galvano-
magnetic,and deformationinvestigations. The highly
anisotropid=ermisurfaceandhigh carriermobility has
alsomadeBi importantin applications.

Strong anisotropy of the electrical conductvity of
bulk bismuthandBiq; xShy singlecrystalsunderuni-
axial stretchin binary C, axis directionwasobsered
in Shubnilov—de Haaseffect measurementat liquid
heliumtemperaturen Ref.[1] andin magnetoplasma
wavesat 77 K in Refs.[2,3]. It wasshavn thatthe
anisotrofy and orientationof the Fermi surface hole
“ellipsoid” andelectron‘ellipsoids” remainunchanged
in a wide rangeof deformations. However, Lifshitz
electronphasdransitionsandtopologicalalterationof
the Fermisurface(3e+ 1h ! 2e+ 1h, 3e ! 1e
3e! 2e)wereobsenred. Thestretchin thedirectionof
C, axiscauseshetransitionsof electronfrom L - and
L 3-valleysto L ;-valley with high resultinganisotropy
of electronmobility. The electricalpiezoefect caused
by thedeformation-inducednisotropy of electronmo-
bility in the semiconductindBi1; xSk, was measured
by the crossednductioncoil techniqug3].
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Theapplicationof bulk singlecrystalsis limited by
theirlow mechanicastrengthandcomplicatedechnol-
ogy requiredto preparesingle-crystaldevices. Marny
workers have studiedthe galvanomagnetieffects of
the bismuth Ims extensvely. They have found that
anegative MR of the semiconductindiy; xSh, poly-
crystalline thin Ims at low temperaturess due to
strongquantizingmagneticelds thattransformtheen-
ergy bandstructureof microcrystallitesand the prop-
ertiesof semiconductersemimetalransitionat these
elds [4]. A detectableanisotroy wasexperimentally
obsered in the uniaxially deformedand unannealed
thin (30—650nm) polycrystallineBi Ims consistingof
small crystallites[5, 6]. It wasdemonstratedhat thin
Bi andBiy; xSby Ims are promisingin the develop-
mentof deformationandmagneticeld sensorg6, 7].
High-quality single-crystalepitaxial) Bi Ims exhibit
largemagnetoresistan¢®R) atlow androomtemper
atureg[7-9]. However, the fabricationof such Ims is
expensve andcomplicatedbecausespecialtechniques
such as molecularbeamepitaxy (MBE) growth [9],
or electrolyticdeposition(electrodepositionpn orien-
tated single-crystalsubstratecombinedwith special
annealind6, 8] arerequired.

Only recentlyhigh-quality Bi thin Ims have been
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producedusing an inexpensve and useful methodof
the evaporationof Bi onto variousnon-crystallinedi-
electric substratesn high vacuumwith a postanneal-
ing processat critical temperaturesloseto the Im
meltingtemperaturgl10,11]. Thelarge magnetoresis-
tanceof theseIms is associatedvith high anisotropy
of L -electrormobility in largehigh-qualitycrystallites.
The Ims of highquality canbe usedin avarietyof in-
dustrialand practicalapplications. Recentlywe have
reportedour investigationson longitudinalmagnetore-
sistancein high-quality stretchedand compressedi
Ims [12]. However, thein uence of uniaxialdeforma-
tion canbe muchlargerfor the transersemagnetore-
sistancewherethemagneticeld B isinthe Im plane
perpendiculato the currentdirection,andthe perpen-
dicularone,whereB is perpendiculatothe Im plane.

In this papertheinvesticationsof thelargein uence
of uniaxial deformationon trans\erseand perpendic-
ular magnetoresistancef high-quality thin polycrys-
talline n-Bi Ims arereported. The calculationsare
basedon the previously proposedandimproved poly-
crystalline Bi thin Im model that includeselectron
transitionsbetweenL -valleys in deformed Im crys-
tallites. The calculationsarecomparedvith the exper
imentalinvestigation resultson high-qualitythin poly-
crystallineBi Ims.

2. Resistvity of uniaxially deformed polycrystalline
Bi and Biq; xSby Ims

Thetotalresistvity of apolycrystallinebismuth Im
resultsfrom the contributionsof resistvities of individ-
ual microcrystallites The majority of microcrystallites
are at angleto the surfaceof the substrateso that the
crystallitetrigonal crystallographicaxis C3 is oriented
to the surfacenormalat anglessmallerthan5*. Onthe
other hand, the microcrystallitesare not pointing ex-
actly in thesamedirectionin a Im planeandthe state
of the Im canbetreatedasquasi-isotropic.

The resistvity of uniaxially deformed polycrys-
talline Bi Ims was calculatedusing the model pro-
posedin Refs.[5, 6,13] that was improved by taking
into accountheelectrontransitionsbetweerl. -valleys
in deformedIm crystallites.The Im wasrepresented
by a structureconsistingof the microcrystalliteshav-
ing trigonal surfacesparallelto the Im surface. The
preparedi Ims thicknesdl is equalto themicrocrys-
tallite thickness.Theresistvity ¥20f theselms canbe
representedsa seriesof resistance®z =l; and¥%gy =l,
where¥ andYg;, arethe resistvity of the grain and
theresistirity of the grainboundaryrespectiely. The

grain size I, is much larger then the grain boundary
thicknesd,, therefore

7(B) | loYen .
2 4

Since¥gy, is independendf magneticeld, MR is in-
dependenbf the small term that contains¥y. In
the absenceof uniaxial deformationthe stateof thin
Im in the substrateplane can be treatedas quasi-
isotropic. However, the stretchor the compression
in microcrystallitesinducesa transferof electronsbe-
tweenL -valleysthatcanresultin anisotropy of the Im
conductvity.

In uniaxially deformedBi and Bij; xSh, the en-
ergetic position of three electronL -valleys, as com-
paredto the bottom of the valencezoneat T andL
points,dependsn the directionand magnitudeof the
deformation. Either the stretchS in the direction of
binary C, axis or the compressiorP in the bisectric
C, axis causesa transferof electronsfrom L,- and
L 3-valleys to L 1-valley. The compressionn C, axis
or the stretchin C; axis inducesa transferof elec-
tronsfrom L 1-valley to L,- andL 3-valleys [1]. From
Bi crystalsymmetryandtopology of the isoenegetic
surfacesit follows that the microcrystallitesin sub-
strateplaneroughly can be divided into two groups.
One group of the microcrystalliteshas C1 crystallo-
graphic axis while the other group hasC, crystallo-
graphicaxis randomlyorientatedin the Bi Im plane
at anglessmallerthan§ 15 with respecto the direc-
tion of uniaxial deformation. Due to mentionedelec-
tronrepopulatiorbetweeri -valleys, it follows thatfor
microcrystallitesof thesetwo groups,in the presence
of uniaxial deformation,the sametype of anisotroy
dominateg5]. Thereforegitherthestretchor thecom-
pressiorcaninducetheanisotrogy in conductvity mea-
suredn the Im plane.A detectabl@nisotroy wasex-
perimentallyobsened in the uniaxially deformedand
unannealedhin (30—650nm) polycrystallineBi Ims
consistingof smallcrystallites[5, 6].

Theoreticalcalculationsof intenalley repopulation
andmobility of L -electrongn Bi microcrystalliteg14]
were basedon the McClure equation[15]. The en-
ergy spectrumof electrondn this equationis assumed
to be non-parabolicand the isoenegetic surfacesare
nonellipsoidal As it is easilypredictabletherepopula-
tion of electronds muchhigherat lower temperatures,
but even at 300 K thereis a considerablepart of ex-
tra electrongemainingin the higherenegy L 1-valley
(about50% in the lower-enepy L »-valley at deforma-
tion "yxx = 0.25%). This meansthat at 300 K the
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repopulatiorof electrondnto oneor two valleys is far
from complete.lt shouldnotedthatthe Shubnilov—de
Haaseffectmeasurementtliquid heliumtemperature
shaw thatin Bi crystalsthe one-\alley semiconductor
is realizedfor deformation'yx > 0.18%][1]. Themea-
surementof electricalpiezoefect in tellurium-doped
semiconducting-BiSb crystalsatliquid nitrogentem-
peratureshov that under stretchin the direction of
the binary C, axis the electronrepopulationratio is
ni=n. > 0.9at| "« ¥ 0.15%. Heren; is electron
concentratiorin L ;-valley andn_ is electronconcen-
trationin all L ;-, L»-, andL 3-valleys [3]. This means
thatatliquid nitrogentemperaturevith 8 "yx %20.25%
the repopulationof electronsinto one or two valleys
shouldbecomplete.

The conductvity of undopedas-gravn Bi Ims is
x ed by concentrationand mobility of L-electrons
andT -holes. The total magnetoconduatity tensorof
the Im microcrystallitescan be found by consider
ing transportpropertiesin undopedBi Ims in non-
guantizing magnetic elds and summingthe partial
contritutionsof L -electronsandT -holes.Calculations
of resistvity andMR in hon-quantizingnagneticeld
region were basedon the polycrystalline Im model
making use of the crystallite resistiity tensor¥: el-
ementsobtainedfrom mobility- eld productcalcula-
tions[10]. Typical mobility valuesof Bi atliquid nitro-
gentemperaturéor electronsn thevicinity of L points
arety = 59,1, = 11213 = 327,14 = j 3.8,and
for T-holesthey are®; = ©, = 9.38,°3 ¥4 5°, in units
of 10* cm?Vi 1si 1 [16]. Herethe subscriptsl, 2, and
3 labelbinary bisectric,andtrigonalaxis,respectiely.
Themagnetoconductity tensorof crystalliteswasde-
terminedusingtypical L -electronandT -hole mobility
1; and®; valuesof bulk Bi andthemeasuredoncentra-
tion n of the Im chagecarriers.We assumedhatthe
resistivity andMR dependencenuniaxialdeformation
of Bi Ims canbeattributedto thedeformatiorinduced
transitionof electronsbetweenl 1-valley andL - and
Ls-valleysin the Im crystallites. In addition,we as-
sumedhatat 77 K andthedeformation8 "yx ¥ 0.25%
the transitionof electronsbetweenL 1-valley andL »-
and L 3-valleys in Bi Im crystalliteswas complete.
Themagnetoresistanagascalculatedy usingthe ex-
pressiongR(B) i R(0)]=R(0), whereR(B) andR(0)
are Im resistanceat magneticeld B andin the ab-
senceof magneticeld, respectrely. It shouldbenoted
thatthe concentratiom of L-electronsandT -holesin
Bi Im crystalliteswasindependendf deformatiorand
magneticeld. Thereforefor comparisorbetweertyp-
ical experimentabindcalculatedrans\erse¥s andper
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Fig. 1. Calculationsof then e% andMR eld dependencefor

polycrystallinen-Bi Ims: (a) for trans\erseresistvity ¥ and

(b) for perpendicularesistvity ¥ in the compressedcurves 1),

undeformedcurves?2), andstretchedcurves3) Ims at77K (solid

curnves)and 300K (shortdashcurves). Theinsetsin (a) and (b)
show calculatedMR magneticeld dependences.

pendicularys resistvities of Bi Im, theinversemo-
bility n e% wasused

3. Transverseand perpendicular MR in deformed
Bi Ims

3.1.MRin n-typeBi Ims

The calculateddatasuggesthat the uniaxial defor
mation effect on MR is larger in n-type, e.g. Te-
doped,Bi Ims where MR is dueto electrical con-
ductvity of L-electrons. A comparisorof calculated
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valuesof n e% for transerse%s andfor perpendicu-
lar % resistvities of then-Bi Im at77 K and300K

is shavn in Fig. 1. Hereelectronconcentratiorin all

Li-, Lo-, andLz-valleys n is independenof defor

mation and magnetic eld. We assumethat the de-
formationis enoughfor the repopulationof electrons
into one or two valleys to be completein the tem-
peraturerange considered. As can be seen,the de-

formationsof Im dueto uniaxial compressiorP in-

creaseresistivity whereasdue to stretchS they de-

creasdt. The magnitudeof both% and¥z strongly
dependsn the unixial deformationat weak magnetic
elds, when! ¢¢, ¢ 1 (here! ¢ and¢ arecyclotronfre-

gueng andrelaxationtime of chage carriers). How-

ever, here%s2 and¥% only slightly dependon B. In

this B range¥sz (P)=% (Po) ¥ ¥4 (P)=%(Po) and
Y% (S0)=% (S) ¥ % (S0)=%(S).

Thein uence of uniaxial compressiordeformation
P is by anorderof magnitudelarger thanthatdueto
the stretchS. At 77 K temperaturés (P)=% (Po) Y4
14 and % (So)=% (S) ¥+ 1.6, with %2 (P)=%(S) Y
24. The calculationsshaw thatthe higherresistvity of
compressedm is dueto microcrystalliteswith high
anisotroy of the electronmobility. The perpendicular
resisistvity ratio, ¥2 (P)=% (Po) and¥% (So)=% (S),
is independenof B, while the perpendiculaMR is in-
dependenof thedeformationin awholeclassicalmag-
netic eld range(seeinsetof Fig. 1(b)). The%s andVs
shawv different effects of deformationat higher mag-
netic elds, when! ¢¢, > 1. In suchmagnetic elds
the effect of uniaxial deformationon ¥4 decreaseds
B wasincreasedind¥%s appearedlmostindependent
of deformatiorat! .¢, A 1. Ontheotherhandthe MR
wasfoundto bedependenbntheuniaxialdeformation.

The compressionsigni cantly reducedthe trans-
verseMR, while the stretchincreasedVR (seeinsetof
Fig. 1(a)). In stretchech-Bi Im at77K andat2.6 T
magneticelds thetrans\erseMR was¥210000.

As canbe seenfrom Fig. 1(a,b) the peculiaritiesof
calculatedh e¥2 magneticeld dependenceat 300K
as comparedto thoseat 77 K are pushedto higher
magnetic eld rangein proportionto (! c¢)i . At
300K andat weakmagnetic elds Y2 (P)=% (Po) ¥
Y5 (P)=%(Pg) ¥ 8. It should be noted that the
transitionof electronsbetweenL 1-valley andL ,- and
L 3-valleysat 300K andatdeformationg "yx = 0.25%
in facthasnot nished. Thereforethein uence of the
uniaxial deformationon % and%s canbe noticeably
less.

Fig. 2. Magnetic eld dependencesf quantityn e% for polycrys-
talline Bi andn-Bi Ims at77 K: (a) trans\erseresistvity ¥ and
(b) perpendicularesistivity ¥» . Calculations:for Bi Im (solid
cunes)andfor n-Bi Im (shortdashedcurves); for compressed
(curwesl), undeformedcurves?2), andstretchedcurves3) Ims.
Experimentakesults:for 1.5t m thick Bi Im at8 ", % 0.25%
(down-trianglesfor compressedgirclesfor undeformedand up-
trianglesfor stretched).

3.2.MRin deformedpure Bi Ims

Figure2 shawvs the calculatednagneticeld depen-
denceof thene’s andne¥; in uniaxialdeformedand
undeformedpure Bi andn-Bi Ims. As canbe seen
from Fig. 2(a,b), in deformedBi Im the dependence
of calculateds and%s on magnetic eld is qualita-
tively similarto thatin n-Bi. However, T-holesreduce
thedeformatioreffectin % and%s . Theholescausea
strongdecreasef uniaxialdeformatioreffectin uniax-
ially compressed®i Ims. Theratio % (P)=%(0) ¥
3 at 77 K and zero magnetic eld. For comparison,
in n-Bi one nds ¥» (P)=% (0) ¥ 14. However, in
strainedBi andn-Bi Ims Y (0)=%(S) % 1.6.
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The strongdecreasef % , ¥4 of compressedm
could be explainedby differencein anisotroy of con-
ductivity causedy electronsaandholes. TheFermisur
faceof T-holesis an ellipsoid of revolution with its
major axis along the trigonal axis. The holesin the
Im planehave isotropicmass. In the Im planethe
isotropicconductvity dueto T-holesstronglyreduces
the anisotroy of the total conductvity determined
by L -electrons. Particularly the T-holesstrongly re-
ducethe deformationeffectin compressedms when
the conductvity is causedby crystalliteswith high
anisotropiacconductvity.

Thelarge changesn trans\erse¥s andperpendicu-
lar¥e resistvity wereobtainedn magneticelds when
both electronsand holessatisfy the condition! ¢¢, ,
1. Thisis alsocausedoy a differencein mobility and
anisotroy of electronandhole mobility. On the other
hand,the conductvity causedy T-holesin planeper
pendicularto Im planeis anisotropic. The holesare
responsibldor thetrans\erseMR and¥s (B)=% (Bo)
dependenc®n the uniaxial deformationin magnetic
eld region,where! ¢ > 1.

4. Experiment

Bismuththin polycrystalline Ims werepreparedy
thermalvacuumevaporationonto Corning 7059 glass
substratesThedepositiorof 99.999%pureBi wasper
formedusinga Mo boatat a pressuref 10' 6 torr and
an evaporationrate of » 1.5 nms. The distancebe-
tweentheBi sourceandthesubstratavasaboutl0cm.
The Ims wereplatedat substratdemperature890 K.
The Im thicknessd variedfrom 0.3to 1.5t m. The
annealingprocesswas performedin vacuumat crit-
ical temperatureTa nearthe Im melting tempera-
ture [10,11]. At this temperaturesmall molten crys-
tallites createfavourableconditionsfor the growth of
larger crystalliteshaving a higherquality andmoreor-
deredcrystallinestructure. The size of the crystallites
rangedfrom 50to 2001 m. In this way obtained Ims
hadhigh-qualitycrystallinestructureandlarge MR. At
77K and2.6 T magnetic eld they exhibited MR up
to 14000%.Thesevaluesarecomparabldo the MR of
thicker single-crystallms fabricatedy electrodeposi-
tion ontoa Si (100) waferwith thin Au underlayef7]
andalsoof epitaxialBi Ims grown by MBE [9].

SampleIms wereshapedn aform of 2 mm wide
strips. Thin Ag Ims at the endsof the strips, which
weredepositedontothe Bi Im usingsuitablemasks,
sened as electrical contacts. Finally, Cu leadswere
attachedto Ag contactareasby meansof Ag based

conductingepoxy The experimentalarrangementin
deformationinvestigationswas similar to that usedin
Ref. [6]. The deformation§ "y« in thin Bi Ims was
createdwith the help of externalforce § F appliedto
the systemconsistingof thin Im and glasssubstrate
plate. The mechanicalparameterof the systemal-
lowedusto evaluatethedeformation§ "y« = 8§ ¢ I=lg,
wheret | isthechangen the Im lengthlg. The8 "
wascalculatedassuminghatthetensionin the system
is elastic:

6F |

"wx = 8 Y b2 ; (2)
wherel is the distancebetweenthe centreof the thin
Im elementand a point wherethe force § F is ap-
plied, b andd arethe glassplate width andthickness,
Y is themodulusof elasticity(Young's modulus).The
errorin deformatiormeasuremenwasup to 10%. The
homogeneousleformationover the Im surface and
thicknesswas achieved by choosingsuitable Im and
glassplate dimensions.Measurementsf perpendicu-
lar and trans\erseresistvity were performedat 77 K
in dc magnetic elds up to 2.6 T. The experimental
valuesof % and¥ were calculatedfrom the mea-
suredvaluesof theBi Im sheetesistanc&s(B), Im
overall dimensionsandconcentratiorof chage carri-
ers. Thedeformation'yy ¥ 0.25%correspondso the
completeelectronrepopulationin Bi Im crystallites
and, therefore the knowledgeof precisevaluesof the
deformationis unimportant. The typical experimental
Vo= f(§"y) curvesexhibited saturationat § "yx V4
0.2%.

5. Resultsand discussion

Theexperimentabdependencesf thetrans\erseand
perpendicularmagnetoresistancesn magnetic eld
strengthfor theundeformedstretchedandcompressed
1.5 mthick undopedolycrystallineBi Ims is shavn
in Fig. 2. As seerfrom experimentaresultsin Fig. 2, a
large effect of uniaxial deformationon the resisistvity
is obsered. It shouldnotedthatthe measureeffect of
uniaxial deformationon resisistvity and deformation
inducedanisotroy of the electricalconductvity in an-
nealedatcritical temperatureBi Ims isovertentimes
largerthanthatin unannealegbolycrystallineBi Ims
atcrystallitesizefrom 200to 400nm.

As seenfrom Fig. 2, a qualitatve agreemenbe-
tweenthe calculatedand experimentalmagnetic eld
dependencesf deformedandundeformedBi Im re-
sistiities is obtained.However, the calculationsshow
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strongerdeformationeffect. The differencebetween
calculatedand experimental’2 ne and¥%s n e values
dependson the deformationtype. At zero magnetic
eld the experimentalratios are %(P)=%(0) % 2.1
and%(0)=%4(S) ¥4 1.5 (the calculatedonesare 3 and
1.6, respectiely). A good t betweenthe experimen-
tal and calculatedvaluesof resistvity is obtainedfor

stretchedlms. However, the discrepang obtainedfor

compressedms could not be explainedby the mea-
suremenerror.

The compressedi Im partly consistedof the mi-
crocrystalliteswith high anisotropy of theelectronmo-
bility, therefore,the in uence of the isotropic extra
scatteringon deformationeffect can be large. The
isotropicgrainboundaryscatteringn suitablyannealed
Bi Ims is weak.However, isotropicextra carrierscat-
teringfrom Im surfaceor imperfectionsvhichreduce
the anisotropy of electricalconductvity and MR can
comeinto play [9]. In Ref.[10] it wasfoundthatan
increaseof the Im thicknessd from 0.3to 1.5 min-
creaseshevalueof MR by upto 80%. At d < 11 m,
the MR versusd dependencearesublinearandtendto
saturatiomatd > 1 m. This propertywasexplained
assuminghatat 77 K the nite-size effectsareimpor
tantin carrier scatteringfrom the Im surface, since
they in uence carriermobility and MR. The decrease
of MR in 0.3*m Im was noticeablydependenbn
magneticeld B. In aperpendiculageometrythe cy-
clotronorbits of the free chage carriersarein the Im
plane. In contrast,in the trans\ersegeometrythe cy-
clotron orbits becomeperpendiculato the Im plane.
Therefore the surfacescatteringcannoticeablyreduce
thetranserseMR. As canbeseenfrom Fig. 2, the dif-
ferencein the experimentaland calculatedvaluesof
trans\erseresistvity for undeformedl.5*m Im at
I ¢¢, > lisnotsmall.

Anotherfactorthat reducesBi Im anisotrofy and
deformationeffect canbe the aborementionedlisori-
entationof C; and C, axis of crystallitesin the Im
planewith respectto the direction of uniaxial defor
mation. On the otherhand,the anisotroy of the elec-
tron scatteringand deformationeffect can be slightly
reducedby presenceof small anglesbetweencrystal-
lite C3 axis andthe Im surfacenormal. However,
the betterthenexpectedagreemenbetweenhe exper
imental and calculationlets us to supposethat these
factorswill reducethedeformationeffectonly slightly.
Alternatively, the maximalexperimentalmagnitudeof
£P)=%Pg) for n-Bi alsocouldbereducedyy anextra
carrierscattering.Thereforetheratio¥s (P)=% (P =
0) couldbeashighas11.

6. Conclusions

Ourinvestigationsshav thatlarge uniaxialdeforma-
tion effect in high-quality polycrystallineBi andn-Bi
Ims is theresultof topologicalalterationof the Fermi
surfacewhich re ects the enegy bandstructureof mi-
crocrystallitesandtheintervalley repopulatiorof elec-
tronsbetweerhigh anisotropid. -valleys. The calcula-
tionssuggesthattheuniaxialdeformatioreffectcanbe
very large in dopedn-typeBi Ims, whereanisotroy
of Im conductvity is determinedy concentratiorand
mobility of L-electrons. The resultspresentedn this
papercon rm our earlier explanationsof the origin
of deformationeffectsin Bi polycrystalline Ims [5]
andindicatenew directionsfor further investigations.
High-quality Bi Ims can be preparedusing various
non-crystallinesubstratesnd, therefore,may be suit-
ablein avarietyof industrialandpracticalapplications,
e.g. in the developmentof high-sensitrity magnetic
eld anddeformationsensors.
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KRYPTINGAI DEFORMUOTU PLONU POLIKRIST ALINI U n-Bi SLUOKSNIU SKERSINE
MAGNETOVAR A

R. Tolutis

Puslaidininku zik osinstitutas,Vilnius, Lietuva

Santrauka

Didelis polikristaliniu Bi sluoksnu mechaninisatsparumas,
unikalioselektrinessarybesir pigi ju gamybostechnologijalemia
placiasju panaudojimoperspektyas. Deformuoti Bi polikrista-
liniu sluoksnu skersire (magnetinidaukassluoksnioplok§tumoje
statmenasrovei) ir statmendlaukasstatmenasluoksnioplokstu-
maiir srovei) savitoji var a ¥zir magnetoar a MR buvo tirtos nau-
dojantiSpletoateorin polikristalinio sluoksniomodel. Jamebuvo
atsi velgtai kryptingosdeformacijossulelta elektroru persiskirs-
tymatarpL sleniu. PolikristalinisBi sluoksnisturi izotropin lai-
duma. Buvo parodytakadkryptingai deformuotgoolikristalinioBi
sluoksniokristalituoseturetu buti stebimaskirtingodyd io, taciau
tospecioskryptieslaidumoanizotropija.Tai lemiair sluoksnioani-
zotropija. Sluoksn tempiantjo plokStumoje,pagrindire laidumo
anizotropijosaSissutampasu deformacijoskryptimi, o ji suspau-
dus-— statmenaleformacijai. Skaciavimai parocde, kad suspaudus
polikristalini n-Bi sluoksn yra stebimasdidelis skersiresir stat-
menosvar os pokytis. Sluoksn tempiantmagnetoar os pokytis
yra daugma esnisir turi prieSinga enkla nei spaud iant. Ypa-
tingai didelis iki 1400%magnet@ar os pokytis stebimassuspau-
dusn-Bi sluoksn 77 K temperatiroje. Deformuotamepolikrista-
liniame Bi sluokstyje stebimaskirtinga skersiresir statmenos/

priklausomyle nuo magnetiniolauko. Stipriuosemagnetiniuose
laukuoseskersire Y2nepriklausanuo deformacijosp deformacijos
poveikis statmenal/znepriklausonuo magnetiniolauko. Panasios,
tik silpneses ¥ priklausomyles iSlieka ir esant300 K, tik pasi-
slenkai didesnu magnetinii lauku sriti. Poveiki ¥2ma inama es-
nis elektron persiskirstymasarpL sleniu. SvariameBi puslaidi-
ninkiniamesluoksrtyje T skyles,turedamodrigonalineje plokstu-
mojeizotropin judri, ymiai suma inaL elektrorulemtasluoksnio
laidumoanizotropip, o tuo paciu ir deformacijopoveiki.

Eksperimentdirta kryptingai deformuot 0,3—1,5' m storiopo-
likristaliniu Bi sluoksnu skersire ir statmenavar a. Sluoksniai
buvo gautivakuuminiogarinimobudu,veliaujuosiSkaitinantkrizi-
nejetemperatiroje,artimojesluoksniatirpimo temperatrai. Tokiu
sluoksnu kristalitu skersmuogali siekti kelis Simtusmikronu. Di-
delemagnetoar a (esan77K ir 2,6 T siekiantil4000%)yodogera
tokiu sluoksnu kokybe. Sluoksniaibuvo kryptingai deformuojami
iki 0,25%, kada77 K temperatroje elektronaituri visiskai per
siskirstytitarpL sleniu. Matavimu rezultataipatvirtina prielaida,
kad kryptingai deformuojantpolikristalini Bi sluoksn jo skersire
ir statmenavar a kinta del elektroru persiskirstymaarp anizotro-
piniu L sleniu.



