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We have measurednagnetoresistity of someternaryglassyZrq(Niy M), alloys, M
=Ti,V,Co and Cu, in magneticfieldsup to 1.2 T at temperatured.2 K, 5 K, 6 K and
7 K. Themagnetoresistity of thesealloys canbeexplainedby addingcontritution of the
superconductinfluctuationsto the contritutionsdueto quantumcoherenceffects. The
estimatedraluesfor inelasticrelaxationtimesr; areveryreasonable.
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In our previous investigationsglectricalresistvity in the temperaturgangefrom 2
K to 300 K, superconductingransitiontemperaturegnd magneticsusceptibilityof Zr-
basedglassyalloys were studied[1]. We investigatedbinary Zr-3d alloys Zr;_,Cu,
(0.26 < z < 0.71), Zri_4Ni; (0.22 < z < 0.67) andZr;_;Co, (0.19 < z < 0.35).
The measurementshaved that electronicbandstructureat the Fermilevel of theseal-
loys is dominatedby that of zirconium. The concentratiordependencef the magnetic
susceptibility superconductingransitiontemperatur@ndthe electron-phonoimteraction
constantcanall be explainedin termsof the dilution of Zr by the 3d element.Recently
we extendedour investigationdo someternaryZra(Ni; M), alloys(M =Ti, V, Cr, Mn,
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Fe,Co, Ni andCu)[2—4]. Theadditionof afixedamountof thethird transitionelementV
to theamorphou<r, Ni alloy causes systematidecreasef the superconductingransi-
tion temperaturd ., of the densityof statesandthe electron-phonointeractionconstant
whenchangingrom Ti towardsCu. The pronounceaninimumfor M = Cr andMn canbe
associateavith the appearancef magneticcorrelationd4,5]. Measurementsf the mag-
neticsusceptibility[6] alsoshov a decreasavhenchangingfrom Ti towardsCu, but with
amaximumfor M = Cr andMn. Here,we reportthepreliminaryresultsof our magnetore-
sistivity measurementfor Zry(Ni;_,M;); glassyalloys in low fields. In this work, we
considereetlementsatthebeginningandattheendof the 3d seriesof transitionelements,
i.e.,for M =Ti, V, Co, Cu. We believe that measurementsf the magnetoresistity will
give usadeepeiinsightinto the electronicstructureandespeciallythe inelasticrelaxation
timesr; of thealloys.
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Fig. 1. ExperimentalmagnetoresistancAp/p® vs. B of Zry(NigoTig1)1 (O),
Zra(Nig.gVo.1)1 (O) andZra(Nig.9oCup.1)1 (A) glassyalloysat5K.

TheamorphousernaryZr-3d alloys werepreparedy meltspinning[7] from themas-
ter alloys with the predetermined@oncentrationThe resultingribbonswereabout2 mm
wide and20-30um thick. Theamorphoustateof thealloys wasverifiedby X-ray diffrac-
tion. MagnetoresistanagaeasurementserecarriedoutusinganAC methodusing3-5cm
long samplessuppliedwith thin Ptvoltageandcurrentleads,in magnetidfields B < 1.2
T providedby a superconductinghagnet.The samplesveremountedon a copperholder
placedin acryostat.Thetemperatureange3—10K wascoveredusingliquid-heliumcool-
ing and was controlledwith germaniumthermometerThe resolutionof the magnetore-
sistancemeasurementwas 1:10°. The electricalresistiities were measuredn the tem-
peraturerange8—300K usinga cryogenicrefrigerator(RMC-Cryosystenm. TS-22). The
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resolutionin theresistvity measurementsas1:10'. The superconductingransitiontem-
perature®f the alloys weredeterminedy theinductionmethod with samplesmmersed
in aliquid heliumbath(pumpedo the desiredemperature).
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Fig. 2. Experimentalmagnetoresistancép/p? vs. B of Zra(Nig.gTig.1)1(O),
Zra(Nig.gVo.1)1 (O), Zra(Nig.9Cup.1)1 (A) andZry(Nig.9Cay.1)1 (V) glassyalloys at
6K.

In the previouswork [2—4], we have shawvn thatover a broadtemperatureange varia-
tionsof theconductvity with temperaturén all thesealloys canbe qualitatively explained
in termsof theincipientlocalization.It wasfoundthattheconductvity ¢ is proportionato
T atlowertemperature€l’ < ©p/3), andincreasesvith T'/2 atsomavhathighertemper
atureqT > ©p/3). Inelasticrelaxationtime 7; in non-magnetidisorderedlloysis prob-
ably determinedy the electron-phonomteraction[8]. At Iowertemperatures{1 ~ T2,
and at highertemperatures-{1 ~ T. Figure 1 shavs the measurednagnetoresistance
Ap/p? asafunctionof magnetidield for thealloys Zrs(Nig.¢ Tio.1 )1, Zr2(Nig.9Vo.1)1 and
Zrs(Nig.9Clp.1 )1 at5 K. Figure2 shavsthemeasurednagnetoresistana®p/ p? asafunc-
tion of magneticfield for the alloys Zr2(Nig.gTig.1 )1, Zr2(Nig.9Vo.1)1, Zra(Nig.9C0p.1)1
and Zra(Nig.9Cuwy.1)1 at 6 K. Previous analysesf the magnetoresistity [9] for some
superconductinglloys (amongthem Zr,3Cus7) shaved that the changeof the magne-
toresistvity with field canbe explainedby addingthe contribution from superconducting
fluctuationgto the contributionsdueto quantunmcoherenceffects.Accordingto Altshuler
etal. [10], the magnetoresistity of athree-dimensionalisorderednetalwith spin-orbit
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scatterings givenby:

Foam (7)) [G9)0(5)-m(z)] o

whereg accountdor the quenchingof the superconductinfuctuations,

h
B, = — 41
T 4Dt

D isthediffusionconstantg-[l is the phase-breakingelaxationratewhichis ofteniden-
tified with the inelasticrelaxationrate, ;! is the relaxationratefor spin-orbitscattering
andthe factora is equall assumingheoreticalresultsfor free electrons.The function
f3(z) canbeexpresseaimplyin two limits:

23/2
f3(1§) ~ K for T <<1 (2)
f3(z) = 0.605 for x>>1 (3)

Whenthe spin-orbitscatterings strongerthanthe inelasticscattering(Bs, >> B;)
magnetoresistity is givenby:

Ap 1 e re\1/2 B2
,0_2 =« (5 +ﬂ) 9672h (ﬁ) —33/2 for B << B;, (4)
Ap 1 0.605€2

=L 48) eB v for B<<B;<<B (5)
2 \2 onh \ R ° PR e

For B > B,,, the magnetoresistity becomeqegative. 3 is the coeficient of the term
of the superconductinfjuctuations.It increasestronglywhenT approached’,. Figure
3 shavs the measuredanagnetoresistande afield of 1 T asa functionof temperatureA

rapiddecreasef themagnetoresistity with increasingemperatureanbeexplainedby a
decreasén the coeficient §(T', H). Therelationbetweengd(T, H), the couplingconstant
g andtemperaturelependencef g waspublishedby Larkin [11]. Generally g is alsoa
functionof the magnetizindield andthatdependenchasbeengivenby [12]:

T 1 1  DeH
-1 _152¢ Z ) = il
g(T, H) —lnT+\Il(2) ‘IJ(2+27rkT)’ (6)
where¥ (z) is thedigammafunction. It wascomputedusingthefollowing relation[13]:
1 1 1 1 85+ 32z 2z
Ul=-]-0|= ~ —4 —In(1+—].
(2) (2“”) x(1+2x+9+6x+150(5+2x)2) n( * 5)
(7)

32 FIZIKA A 7 (1998)1, 29—




RISTIC AND MAROHNIC: MAGNETORESISTIVITY OF TERNARY GLASSY ZR2(Nl1—zMz)1 ...

Usingrelations(6) and(7), we calculatedhe constani3(T', H), andfrom equation(4)
B;. D is calculatecassuminghe nearlyfree electronmodel:

D™! = pe?N(Er), (8)

wherep is the electricalresistvity and N (Er) is the densityof statesat the Fermilevel.
Thefactora is determinedrom the slopeof thelinearvariationwith B!/2, usingrelation
(5). Experimentalvalue of the factora was between0.5 and 1. To determinea: more
accuratelyonemustextendthe measurement®s higherfields.
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Fig. 3. ExperimentalmagnetoresistancAp/p* versusT of Zry(Nig.oTig.1)1(Q),
Zra(Nig.gVo.1)1 (O), Zra(Nig.9Culy.1)1(A) and Zra(Nig.9Cay.1)1 () glassyalloys at
B=1T.

TABLE 1. p4.5 is the electricalresistvity at4.2K, T, is the superconductingransition
temperaturer;1, Tiz, iz andr (in unitsof 10710 s) arethe electroninelasticrelaxation
timesat4.2,5, 6 and7 K, respectiely.

M, pao(pQem) | T,(K) | 74 | T2 | Tis | Taa

Tig.1 174.1 2.99 | 0.35| 0.23| 0.16
Vo 173.6 248 | 0.54| 0.35| 0.23 | 0.16
Co.1 181.0 2.76 | 0.32 0.13

Cl.1 181.2 2.65 | 0.47| 0.33| 0.21| 0.15

Sincewe werelimited to 1.2 T, we introducedn relation(4) thetheoreticavaluea = 1.
From B;, we calculatedthe inelasticrelaxationtime 7;. An analysisof the magnetore-
sistivity in ZraNi [14] glassyalloys at 4.2 K yielded B; ~ 0.18 T, Bs, = 5 T and
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Teo ~ 2.44 x 107'2 s. For our alloys, we supposedhat B,, >> B;, but for better
accurag we musttake in accountcontribution to magnetoresistity dueto the spin-orbit
interaction.To determiner,,, we mustmeasurenagnetoresistity in fields of about5 T.
In Table 1, we list somedataand parameterebtainedfrom the measurementselectri-
calresistvity at4.2 K, superconductingransitiontemperaturd’, andr; attemperatures
4.2 K, 5K, 6 K and7 K. Although superconductindgluctuationswere predominanin
the selectedhlloys, the calculatedvaluesof r; seemto be quite reasonableln particular
our valuesof r; comparewell with thoseobtainedfor similar amorphour-basedalloys
[9,14]. As seenin Tablel, our datafor 7; do not show ary systematialependencen M.
This may be expectedconcerningatherlow contentof M, andhencethe dominanteffect
of Zr. We notice,however, somevariationof ; with T¢,, which maybeassociateavith the
uncertaintyin the subtractionof 3(T', H). The coeficients3(T', H) for our alloys were
betweer2.8and5 at4.2K, 1.8and2.7at5 K, 1.3and1.8at6 K andbetweenl.0 and
1.25at 7 K. The changeof 8 with magnetizingfield was larger for lower temperatures,
but whenthe field changedrom O T to 0.3 T, the changeof 3 wasalwayslessthan5%.
Theinelasticrelaxationtime is temperaturelependentThatdependenceanbewritten as
7-[1 = CT*. For our measurementxtendingover a rathernarrov temperaturenterval
(andperformedat four temperaturesnly), z wasbetween2 and2.5. Thesevaluesof z,
althoughsomevhatuncertainarenotinconsistentith thosededucedor similar Zr-based
alloys.
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MAGNETOOTPORU TERNARNIM STAKLASTIM SLITINAMA Zrs(Ni;_;M)1

Mijerenje magnetootponekihternarnihstaklastibslitina Zrs (Ni;—M;)1, gdjeje M =
Ti, V, Coili Cu,umagnetskm polju koje semijenjalood0 T do 1.2 T, natemperaturama
42K, 5K, 6 K i 7 K. Pokazalismoda se magnetootpotih slitina moZe objasnitido-
davanjemdoprinosasupraodljivih fluktuacijadoprinosimakoji nastajuuslijed kvantnih

koherentnihefekata.Dobivenevrijednostineelastinih vremenaraspienjavrlo su prih-
vatljive.
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