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We have measuredmagnetoresistivity of someternaryglassyZr � (Ni � ��� M � ) � alloys, M
= Ti,V,Co andCu, in magneticfields up to 1.2 T at temperatures4.2 K, 5 K, 6 K and
7 K. Themagnetoresistivity of thesealloyscanbeexplainedby addingcontributionof the
superconductingfluctuationsto the contributionsdueto quantumcoherenceeffects.The
estimatedvaluesfor inelasticrelaxationtimes� � arevery reasonable.

PACSnumbers:72.15.Cz UDC 537.312.7

Keywords: glassyZr 	 (Ni 
 � � M � ) 
 alloys,magnetoresistivity, superconductingtransitions,inelastic
relaxationtimes

In our previous investigations,electricalresistivity in the temperaturerangefrom 2
K to 300 K, superconductingtransitiontemperaturesandmagneticsusceptibilityof Zr-
basedglassyalloys were studied[1]. We investigatedbinary Zr-3d alloys Zr � ��� Cu�
(

 � � ��������
 � � �

), Zr � ��� Ni � (

 � � ��������
 � � �

) andZr � ��� Co� (

 � � ��������
 � � �

).
The measurementsshowed that electronicbandstructureat the Fermi level of theseal-
loys is dominatedby that of zirconium. The concentrationdependenceof the magnetic
susceptibility, superconductingtransitiontemperatureandtheelectron-phononinteraction
constantcanall be explainedin termsof the dilution of Zr by the3d element.Recently,
weextendedour investigationsto someternaryZr � (Ni � ��� M � ) � alloys(M = Ti, V, Cr, Mn,
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Fe,Co,Ni andCu) [2–4]. Theadditionof afixedamountof thethird transitionelementM
to theamorphousZr " Ni alloy causesa systematicdecreaseof thesuperconductingtransi-
tion temperatureT # , of thedensityof statesandtheelectron-phononinteractionconstant
whenchangingfrom Ti towardsCu.Thepronouncedminimumfor M = Cr andMn canbe
associatedwith theappearanceof magneticcorrelations[4,5]. Measurementsof themag-
neticsusceptibility[6] alsoshow a decreasewhenchangingfrom Ti towardsCu,but with
amaximumfor M = Cr andMn. Here,wereportthepreliminaryresultsof ourmagnetore-
sistivity measurementsfor Zr " (Ni $ %�& M & ) $ glassyalloys in low fields. In this work, we
consideredelementsat thebeginningandat theendof the3dseriesof transitionelements,
i.e., for M = Ti, V, Co, Cu. We believe thatmeasurementsof themagnetoresistivity will
giveusa deeperinsightinto theelectronicstructureandespeciallytheinelasticrelaxation
times ' ( of thealloys.
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Fig. 1. Experimentalmagnetoresistance;=<?> < " vs. @ of Zr " A Ni B C D Ti B C $ E $FA GHE ,
Zr " A Ni B C D V B C $ E $IA JKE andZr " A Ni B C D CuB C $ E $IA LME glassyalloys at5 K.

TheamorphousternaryZr-3dalloyswerepreparedby meltspinning[7] from themas-
ter alloys with thepredeterminedconcentration.The resultingribbonswereabout2 mm
wideand20-30N m thick.Theamorphousstateof thealloyswasverifiedby X-ray diffrac-
tion.MagnetoresistancemeasurementswerecarriedoutusinganACmethod,using3–5cm
long samplessuppliedwith thin Pt voltageandcurrentleads,in magneticfields @PO�Q R S
T providedby a superconductingmagnet.Thesamplesweremountedon a copperholder
placedin acryostat.Thetemperaturerange3–10K wascoveredusingliquid-heliumcool-
ing andwascontrolledwith germaniumthermometer. The resolutionof the magnetore-
sistancemeasurementswas1:10T . The electricalresistivities weremeasuredin the tem-
peraturerange8–300K usinga cryogenicrefrigerator(RMC-CryosystemLTS-22).The
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resolutionin theresistivity measurementswas1:10Y . Thesuperconductingtransitiontem-
peraturesof thealloys weredeterminedby theinductionmethod,with samplesimmersed
in a liquid heliumbath(pumpedto thedesiredtemperature).
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Fig. 2. Experimentalmagnetoresistancel=m?n m o vs. p of Zr o q Ni r s t Ti r s u v u q w ),
Zr o q Ni r s t V r s u v u q x v , Zr o q Ni r s t Cur s u v u q y v andZr o q Ni r s t Cor s u v u q z v glassyalloys at
6 K.

In thepreviouswork [2–4], wehaveshown thatoverabroadtemperaturerange,varia-
tionsof theconductivity with temperaturein all thesealloyscanbequalitatively explained
in termsof theincipientlocalization.It wasfoundthattheconductivity { is proportionalto|

atlowertemperatures(
|�}F~�� n � ), andincreaseswith

| u � o atsomewhathighertemper-
atures(

|��F~�� n � ). Inelasticrelaxationtime � � in non-magneticdisorderedalloysis prob-
ablydeterminedby theelectron-phononinteraction[8]. At lower temperatures�?� u��� | o ,
andat higher temperatures�?� u��� | . Figure1 shows the measuredmagnetoresistancelKm n m o asafunctionof magneticfield for thealloysZr o (Ni r s t Ti r s u v u , Zr o (Ni r s t V r s u v u and
Zr o (Ni r s t Cur s u v u at5 K. Figure2 showsthemeasuredmagnetoresistancelKm n m o asafunc-
tion of magneticfield for the alloys Zr o (Ni r s t Ti r s u v u , Zr o (Ni r s t V r s u v u , Zr o (Ni r s t Cor s u v u
and Zr o (Ni r s t Cur s u v u at 6 K. Previous analysesof the magnetoresistivity [9] for some
superconductingalloys (amongthem ZrY � Cu� � ) showed that the changeof the magne-
toresistivity with field canbeexplainedby addingthecontribution from superconducting
fluctuationsto thecontributionsdueto quantumcoherenceeffects.Accordingto Altshuler
et al. [10], themagnetoresistivity of a three-dimensionaldisorderedmetalwith spin-orbit
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scatteringis givenby:�=�� ���F��� �� � � �� � � �����=  ¡ �K¢ ��£�¥¤§¦ �H¨ © � ���ª �F«�¬� ¨ ©
� ��®­ ¯ �I° ± £ ² ³

where¦ accountsfor thequenchingof thesuperconductingfluctuations,

�®ª � ��´ � µ§¶�·  ª ³ �®­ ¯ � �®ª ¤ ��� � µ§¶?·  ­ ¯ ³µ is thediffusionconstant,¶ ·  ª is thephase-breakingrelaxationratewhich is ofteniden-
tified with the inelasticrelaxationrate, ¶ ·  ­ ¯ is therelaxationratefor spin-orbitscattering
andthe factor � is equal1 assumingtheoreticalresultsfor free electrons.The function¨ © ± ¸ ² canbeexpressedsimply in two limits:

¨ © ± ¸ ²º¹ ¸ © ¡ �´ »½¼ ¾ ¿ ¸§À®À £ ± � ²
¨ © ± ¸ ²º¹�Á Â Ã Á Ä ¼ ¾ ¿ ¸HÅ®Å £ ± ¬ ²

Whenthe spin-orbitscatteringis strongerthanthe inelasticscattering( �®­ ¯ Å®Å ��ª )magnetoresistivity is givenby:�K�� � �F� � £� ¤§¦ �Æ� �Ç Ã � � ���ÈÉ���ºÊ   ¡ � � �� © ¡ �ª ¼ ¾ ¿ � À®À ��ª ³ ± ´ ²
�=�� � �F� � £� ¤�¦ � Á Â Ã Á Ä � �� � � �� � � ���F�   ¡ � ¼ ¾ ¿ � À=À �®ª À=À �®­ ¯ Â ± Ä ²

For � Å �®­ ¯ , the magnetoresistivity becomesnegative. ¦ is the coefficient of the term
of the superconductingfluctuations.It increasesstronglywhen Ë approachesËÉÌ . Figure
3 shows themeasuredmagnetoresistancein a field of 1 T asa functionof temperature.A
rapiddecreaseof themagnetoresistivity with increasingtemperaturecanbeexplainedby a
decreasein thecoefficient ¦ ± Ë ³ ÍH² . Therelationbetween¦ ± Ë ³ ÍH² , thecouplingconstantÎ andtemperaturedependenceof Î waspublishedby Larkin [11]. Generally, Î is alsoa
functionof themagnetizingfield andthatdependencehasbeengivenby [12]:

Î ± Ë ³ ÍH² ·   ��Ï Ð Ë�ÌË ¤�Ñ
� £� � « Ñ � £� ¤ µÒ� Í� �ÉÓ Ë � ³ ± Ã ²

where Ñ ± ¸ ² is thedigammafunction.It wascomputedusingthefollowing relation[13]:

Ñ �I£� �F« Ñ �I£�¥¤ ¸ � ¹ « ´ ¸ �Ô££ ¤ � ¸ ¤ £Ç ¤ Ã ¸ ¤ » Ä ¤ ¬ � ¸£ Ä Á ± Ä ¤ � ¸ ² � �F« Ï Ð � £ ¤ � ¸Ä � Â± Õ ²
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Usingrelations(6) and(7), wecalculatedtheconstantÚºÛ Ü�Ý ÞHß , andfrom equation(4)à®á
. â is calculatedassumingthenearlyfreeelectronmodel:âMãÉäIå�æ ç è é�Û êIëìß Ý Û í ß

where æ is theelectricalresistivity and é�Û ê�ëîß is thedensityof statesat theFermi level.
Thefactor ï is determinedfrom theslopeof thelinearvariationwith

à ä ð è , usingrelation
(5). Experimentalvalue of the factor ï was between0.5 and 1. To determineï more
accurately, onemustextendthemeasurementsto higherfields.
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Fig. 3. Experimentalmagnetoresistance�=æ�� æ è versus Ü of Zr è Û Ni � � 	 Ti � � ä ß ä Û 
Hß ,
Zr è Û Ni � � 	 V � � ä ß ä Û �Kß , Zr è Û Ni � � 	 Cu� � ä ß ä Û � ) and Zr è Û Ni � � 	 Co� � ä ß ä Û 
 ) glassyalloys atà å�� T.

TABLE 1. æ � � è is the electricalresistivity at 4.2 K, Ü�� is the superconductingtransition
temperature,� á ä , � á è , � á � and � á � (in unitsof � � ãÉä � s) aretheelectroninelasticrelaxation
timesat4.2,5, 6 and7 K, respectively.

M � æ � � è Û ����� �¥ß Ü�� (K) � á ä � á è � á � � á �
Ti � � ä 174.1 2.99 0.35 0.23 0.16
V � � ä 173.6 2.48 0.54 0.35 0.23 0.16
Co� � ä 181.0 2.76 0.32 0.13
Cu� � ä 181.2 2.65 0.47 0.33 0.21 0.15

Sincewe werelimited to 1.2T, we introducedin relation(4) thetheoreticalvalue ï å�� .
From

à®á
, we calculatedthe inelasticrelaxationtime � á . An analysisof the magnetore-

sistivity in Zr è Ni [14] glassyalloys at 4.2 K yielded
à�á�� �  � í T,

à"! #$�&%
T and
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+ , -/.10 2 3 3�4$5 6 7�8 9 s. For our alloys, we supposedthat : , -<;=; :"> , but for better
accuracy we musttake in accountcontribution to magnetoresistivity dueto thespin-orbit
interaction.To determine+ , - , we mustmeasuremagnetoresistivity in fieldsof about5 T.
In Table1, we list somedataandparametersobtainedfrom the measurements:electri-
cal resistivity at 4.2 K, superconductingtransitiontemperature?�@ and + > at temperatures
4.2 K, 5 K, 6 K and 7 K. Although superconductingfluctuationswerepredominantin
theselectedalloys, thecalculatedvaluesof + > seemto bequite reasonable.In particular,
our valuesof + > comparewell with thoseobtainedfor similar amorphousZr-basedalloys
[9,14]. As seenin Table1, our datafor + > do not show any systematicdependenceon M.
This maybeexpectedconcerningratherlow contentof M, andhencethedominanteffect
of Zr. We notice,however, somevariationof + > with ?�@ , whichmaybeassociatedwith the
uncertaintyin the subtractionof ACB ?ED FHG . The coefficients ACB ?ED FHG for our alloys were
between2.8 and5 at 4.2 K, 1.8 and2.7 at 5 K, 1.3 and1.8 at 6 K andbetween1.0 and
1.25at 7 K. The changeof A with magnetizingfield waslarger for lower temperatures,
but whenthefield changedfrom 0 T to 0.3 T, thechangeof A wasalwayslessthan5%.
Theinelasticrelaxationtime is temperaturedependent.Thatdependencecanbewrittenas+ 7�8>JI�K ?"L . For our measurementsextendingover a rathernarrow temperatureinterval
(andperformedat four temperaturesonly), M wasbetween2 and2.5. Thesevaluesof M ,
althoughsomewhatuncertain,arenot inconsistentwith thosededucedfor similarZr-based
alloys.

Acknowledgements
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MAGNETOOTPORU TERNARNIM STAKLASTIM SLITINAMA Zr R (Ni S T�U M U ) S
Mjerenje magnetootpornekihternarnihstaklastihslitinaZr R (Ni S T�U M U ) S , gdjeje M =

Ti, V, Co ili Cu,u magnetskompolju kojesemijenjalood0 T do1.2T, natemperaturama
4.2 K, 5 K, 6 K i 7 K. Pokazalismoda semagnetootportih slitina može objasnitido-
davanjemdoprinosasupravodljivih fluktuacijadoprinosimakoji nastajuuslijed kvantnih
koherentnihefekata.Dobivenevrijednostineelastǐcnih vremenaraspřsenjavrlo su prih-
vatljive.
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