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Quantum interference of electrons in Nlg_sTe, single crystals

A. Stolovits* and A. Sherman
Tartu Ulikooli Fiiiisika Instituut, Riia 142, EE-51014 Tartu, Estonia

R. K. Kremer, Hj. Mattausch, H. Okudera, X.-M. Réand A. Simon
Max-Planck-Institut fur Festkorperforschung, Heisenbergstrasse 1, D-70569 Stuttgart, Germany

J. R. O’'Brien
Quantum Design, 6325 Lusk Boulevard, San Diego, California 92121, USA
(Received 13 December 2004; published 29 April 2005

The compound N sTe, (6=0.23 with quasi-one-dimensional crystal structure undergoes a transition to
superconductivity af;=0.6—0.9 K. Its electronic transport properties in the normal state are studied in the
temperature range 1.3—270 K and in magnetic fields up to 11 T. The temperature variation of the resistivity is
weak (<2%) in the investigated temperature range. Nonmonotonic behavior of the resistivity is observed
which is characterized by two local maximaTat 2 and~30 K. The temperature dependence of the resistivity
is interpreted as an interplay of weak localization, weak antilocalization, and electron-electron interaction
effects in the diffusion and the Cooper channel. The temperature dependence of the dephasifgetime
tracted from the magnetoresistance data is determined by the electron-phonon interaction. The satugation of
in the low-temperature limit correlates witf, of the individual crystal and is ascribed to the scattering on
magnetic impurities.
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I. INTRODUCTION sampled! To further investigate disorder effects, systems in

In disordered metals the coherence of the conduction eled?hich the crystallinity can be tuned in a broad range are
trons may extend over large distances and exceed the meafgsirable. Single crystalline systems with disorder, e.g.,
free path by several orders of magnitude. This large scal§Merging from vacancies, which exhibit quantum interfer-
coherence manifests itself in interference effects such ag&Nce effects are potential candidates for such studies.
weak localization, interference corrections to electron- !N this paper we present electron transport studies on
electron interaction and various mesoscopic phenoriéna. Single crystals of Nb ;Te,. Nbs_;Te, belongs to the growing
In general, the temperature dependence of the dephasifgmily of compounds crystalhzmglszth the tetragonakTé,
time 7, is governed by electron-electron and electron-phonor? ructure-type(space QrOUF‘_‘”m)- For a list of presently
interaction. In disagreement with the standard theory of elec<"OWn compounds with this structure type see Ref. 13. The
tron dephasing,a saturation ofr, in the low-temperature basic elements of the structure are compressg@ieficlus-
limit has been observed in numerous experiments. It wale"s which condense to form infinite sTie, chains. These
suggested that this saturation is universal and reflects fundgh@ins are linked through H-Te and Ti—Ti contacts(see
mental properties of disordered conductb¥s.Various 19 - TisTes, NbsTey, Mogésm NbsShy, and NkSe;S, are
mechanisms for the saturation behavior have been discussd§POrted to be metal$~® Among them NpSh, and
including effects of magnetic impurities, tunneling two-level NPsS&S; are supercondl_Jctorsi7W|th critical temperatulgs
systems, electron heating, and separated superconductiig-® and 3.4 K, respectivel:'” NbsTe, and TgTe41were
grain$ (see Refs. 7 and)8 reported to behave as normal metals down to 14 Re-

Recently the character of the disorder and its influence on
7, have become an important issue of research. Weak local-
ization studies of differently prepared PdAg films show that
the microscopic structure of disorder determines the interac-
tion of the electrons with the phonofshe nature of the
scattering potential plays a crucial role in the Sergeev-Mitin
electron-phonon interaction thed§While in dirty systems
the scattering on vibrating impurities results inradepen-
dence of the electron-phonon scattering rgie scattering
on a static potential leads tfg;~T2. Disorder also influ-
ences the saturation valug of the dephasing time. For ex-
ample, Linet al. found that annealing of moderately disor-
dered three-dimensional polycrystalline metals raisg$ FIG. 1. Projection of the N{Te, structure along the axis of the
This result can be explained in terms of two-level systemsetragonal unit cel(left) and perspective view of its single chain of
associated with the grain boundaries. However, annealing efNbg octahedra(right). Large circles indicate Nb atoms and small
fects have not been observed in strongly disorderedircles represent Te atoms.
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cently, a monoclinic form of Nb;Te, has been synthesized

[\
N

using a chemical transport reactith. ”

In this work we found that Nh sTe, is a bulk supercon- EIPW
ductor withT,=0.6—0.9 K. In the normal state quantum in- 2
terference effects determine the electronic transport proper- Py
ties in a broad temperature range. The observed o
nonmonotonic behavior of the temperature dependence of 16

the resistance and the low-temperature positive magnetore-
sistance are interpreted in terms of weak localization and

electron-electron interaction effects in disordered conductors. 04 ——T——]
The temperature dependence of the dephasing tjnme de- 03F (g g"":
termined by electron-phonon interaction. Saturation of the g 02f o
dephasing time at low temperatures is ascribed to scattering < 01 ; -
on magnetic impurities. ¥ o] 0.0 foooooococzem
04 06 08 1.0 04 06 08

Il. EXPERIMENTAL T(K) T(K)

Nbs_sTe, single crystals were prepared by chemical vapor FIG. 2. (a) Specific heaC,, of Nbs_sTe, measured in a magnetic
transport from powders of the elements Klwhnson Mat- field of 9 T plotted asC,,/T vs T2. The symbols represent the ex-
they Inc. 99.99% metals basis, excluding Ta<I00 ppm perimental data and the solid line a fit to the equati®y=yT
and Te(Johnson Matthey Inc. 99.99%n evacuated silica +AT° with y=17.29J/g K? and $=1.027uJ/g K*. (b) The ratio

tubes with }, used as a transport agent. The samples wer@f the electronic heat capacity in the superconducting sTatdo
annealed for 1 day at 750 °C, the following 30 days atthat in the normal stat€, as a function of temperature. The solid
! line is the heat capacity anomaly expected for a BCS supercon-

980 °C, and then were slowly cooled to room temperature. . ) »
X-ray powder-diffraction patterns were collected with a Stoeductor withT.=0.73 K.(c) The superconducting transition of Nb09
diffractometer usingCu K., radiatior). They show a body (see Table) measured from the electrical resistance at 0 T.

al . -
centered tetragonal unit cell with lattice parametexs ) )
=10.2341) A and ¢=3.70216) A which are in agreement resin on a crystal surface freshly cleaved in an argon atmo-
with those observed by Selte and KjeksBti&nergy disper- sphere. Tr_]e results do not depend on the way contacts have
sive x-ray analysis carried out on the three crystals used fdpeen applied.
the resistance measurements reveals a Nb deficienay of _The resistance was measured by a dc four-probe tech-
=0.234). A single crystal x-ray diffraction measurement Nique using a high resolution nanovoltmetgl/2 digit9
with a Stoe image plate detector system was carried out on@&"d @ Keithley 2400 current source. Measur%;nents were per-
small crystal. It shows that the Nb deficiency is associatedormed using a variable temperature Oxfofide cryostat
with the outer site of the Nb octahedral chaifWyckoff with a superconducting magnet. The rotatable sample holder
position &). Single crystal x-ray measurements performedW'th the rotation axis perpend_lcular to the ‘magnetic field
on the three crystals used for the resistance measuremerR4OWs Us to align the crystal either perpendicular or nearly

gave lattice parameters in good agreement with the powdé}arallel to the magnetic field. I\(Iag.netoresistance was mea-
diffraction data. sured at constant temperature in fields up to 11 T. The su-

The heat capacity of a 6.3 mg crystal was measured in gerconducting transi_tion and its d_epe_ndence on tht_a magnetic
Quantum Design PPMS relaxation calorimeter in the temfi€ld was measured in a home-built single sftde refrigera- .
perature range 0.3—5 K and external fields of 0 and 9 T. Théf_’r- The.blas currents Were'chosen such that the power dis-
sample was attached with a minute amount of ApiezorsiPated in the sample remained balow 30 pW andV2 for
vacuum grease to the calorimeter platform the heat capaci(@e measurements in tfiele and the’He measurements sys-
of which was determined in a separate run and subtracte®ms. respectively.
afterwards.

For resistance measurements needle-like crystals with the
needle axis collinear with the crystallographieaxis were ll. RESULTS AND DISCUSSION
selected. Crystals were 3—5 mm long with cross section of A. Superconductivity
0.005-0.05 mrh Four electrical contacts were placed along
the needle at distances ef2 mm with the two outer con- A total of six crystals was checked for superconductivity
tacts as the current contacts such that the electrical curreby resistance measurements. All investigated samples show a
was directed along the axis. transition to superconductivity with critical temperatures in

Crystals stored in air get covered by a high-resistive oxidéghe range 0.60-0.88 K and transition widths between
layer. Low-resistance Ohmic contacts can be achieved aftér.012—0.18 K. A typical resistive transition is shown in Fig.
this layer has been etched off with an Ar plasma in a vacuun2(c). Measurements in magnetic fields reveal a linear depen-
chamber followed by the immediate deposition of the golddence of the upper critical field,(0) as a function of tem-
contact pads through a shadow mask. Similar good contacigerature down to 0.35 K, with a slope aH./dT=
can also be made by gluing gold wires with silver epoxy—-1.2 T/K.
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TABLE I. Values of relevant parameters for BliTe, samplesT, is the superconducting temperatymeidpoint of resistive transition
D is the diffusion constant determined frati,(T), andp*O is the resistivity measured at 300 Ko, ¢y, andkc are fitting parameters of the
magnetoresistanc&, n, and 751 describe the temperature dependence of the dephasingkitrie; p, and the electron screening parameter

F were determined from the temperature dependence of the resistance.

T. D Po po . K 0,

C 7 ~
Sample (K) (cm?/s) (uQem) (uQcm)  cyr ke Ke (sTK™M n (391) F L p

Nb10 0.79 0.924 2429 24915 0.768 0.379 0.371 7.7810° 245 1.77x10° 0.048 90x10° 1.28
Nb1l9 0.88 0.883 2328 25407) 0.730 0.668 0.392 4.3910° 2.68 0.58<10° -0.323 71x10° 1.37
Nb09 0.70 0.890 3086) 294(11) 0.769 0.348 0.314 9.5210° 242 2.61x10° -0.234 12%10° 1.19

The heat capacity measured in zero field is characterizeity is low, 0.25 cn?/(V s), which in the free electron model
by an anomaly typical for a transition to superconductivity gives an electron mean free pathlet2 A of the order of
[Fig. 2(b)]. The anomaly disappears in a field of 9 T. In the interatomic distances. The origin of strong electron scattering
range 0.3—2 K the heat capacity can be well described by m Nbs_sTe, is an open question. The Nb deficit is definitely
polynomial C,=yT+BT?, where the linear and cubic terms essential, however deformations of the low-dimensional
are electronic and lattice contributions, respectiviiyg.  structure may also contribute to the scattering.

2(@]. The fit vyields the Sommerfeld termy A closer inspection of the temperature dependence of the
=17.29u3/g K%, and the phonon ternB=1.027uJ/gK*  resistance reveals qualitatively different behavior above
corresponding to the Debye temperat@rg=259 K. The su- ~50 K with either positive or negative temperature coeffi-

perconducting anomaly within experimental errors agreesients[see Fig. 6a)]. The magnetoresistance behavior and
well with the anomaly expected for a BCS-type superconthe temperature dependence of the resistance of three repre-
ductor. Resistivity and heat capacity results clearly prove thagentative samples Nb10, Nb19, and Nb09 have been studied

Nbs_sTe, is a bulk superconductor. in detail and the analysis is described in the following.
The electronic density of states at the Fermi levelas
calculated from the Sommerfeld term using the forntuta 1. Magnetoresistance

:wzvk§(1+)\)/3, wherekg is the Boltzmann constant. The
electron-phonon coupling constant=0.44 was estimated
from the McMillan empirical formul®

Figure 3 shows a typical dependence of the resistance on
the magnetic field measured for temperatures between 1.3
and 13 K. The small positive magnetoresistariee.3%)

1.04 +44" IN(©y/1.45T,) a \tI)Vith da minimlrj]m centered at zero magdne_tic field, \;VFiCh
= x — , roadens as the temperature is increased, is a typical finger-
(1-0.62.)In(0p/1.45T¢) ~1.04 print of quantum interference effects of the conduction
with the Coulomb pseudopotential =0.13, which is typical electrons: The positive magnetoresistance is expected in dis-
for the transition metals. In NbsTe, we obtain »=1.59  ordered superconductors containing heavy elements in which
X 10*" 7t m™3, which is comparable to the density of statesboth the scattering on virtual Cooper pairs and weak antilo-
in good metals such as silver, copper, and gold. calization of conduction electrons induced by spin-orbit scat-
tering are essential. We found that the magnetoresistance is

%,
o
]
°
°
°
W% ‘:
o, !
\ %, §

B. Electrical resistivity

The temperature dependence of the resistivity was mea- 20
sured on six crystals. All samples show resistivities between
200—-300u{) cm (see Table )l and a weak variation with

temperaturdless than 2% in the range of 2—270 K, see Fig. 81

° 268K
6). This finding points to strong scattering of conduction % MMK
electrons. This is also reflected in the electron diffusion con- <10 ooo°"° ol
stantD (=1 cn?/s) and a low Hall mobility. The diffusion () ~ - 10K
constant was determined from the temperature dependence 0.5 s w S\ S T 3K

of the critical magnetic field usin®=-4kg/[ me(dH,/dT)],
wheree is the electron charg®.An alternative estimation of
D from the resistivitypy using the Einstein relation bj
=e’Dv givesD=0.9-1.2 cri/s, which is consistent with the
value determined front(T) to within 20% (see Table )l

The agreement is reasonable considering uncertaintipg in - FIG. 3. The normalized magnetoresistanceR/R=[R(H)
andv. As being more reliable, the value Dfestimated from  -R(0)]/R(0) in Nb19 (see Table )l versus the magnetic field for

the critical magnetic field measurements will be used in theeveral temperatures. The symbols are the experimental data and
analyses below. The Hall constant is negative indicating thathe lines are the fits with Eq2) for the three-dimensional quantum
electrons contribute to the charge transport. The Hall mobilinterference corrections.

00}
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independent of the orientation of the magnetic field. This 10
result is rather unexpected in view of the anisotropic crystal I
structure. We ascribe this finding to smearing the density of 8F
states by strong electron scattering. T

In the following we compare our magnetoresistance data E 6r
with results of a theory treating three-dimensional quantum «,C:
interference corrections to resistivity. In the limit of low 2 r
fields the relative change of the resistance is expressed by the < » _
equatiod!-2? |

RH)-RO0) €& [eH (4eD7-3H) 5 0 S—rS
RO, o N7l JtEH @ T(K)
where '
04
A=po[1/2 +cyrB(TITY], (3

# is the Planck constant, anid(1/x)=2(v2+x-vx)-[(0.5 o ®
+X) Y2+ (1.5+x)7Y2]+(2.03+x)%/2/48 2% In Eq. (3) the first x
term describes weak antilocalization in the limit of strong e
spin-orbit scatteringr,’< 7r, where 7, is the spin-orbit 2-
scattering rate. The second term in E8).describes the scat-
tering on virtual Cooper pairs forT>T., the Maki-
Thompson-Larkin effect. The functiog(T/T,) is tabulated 3 1
in Ref. 24 andcyt=1 and 0.25 in the limits of weak and T(K)

strong spin-orbit scattering, respectivélyThis expression .

of the Maki-Thompson-Larkin effect is valid for magnetic ~ FIG. 4. Temperature dependence of the coefficefthe upper
fields H<kgT/eD. Expressions for larger fields have beenPane) andB (the lower panglfor sample Nb1gsee Table)l Solid
derived for the two-dimensional ca&e?® For the three- lines are the best fit foh andB with Eqgs.(3) and(4), respectively.

dimensional case, results for an extended range of fields have . i » )
only been analyzed numerically for an Ma@ns alloy displayed in Figs. 4 and B is positive and increases as the
sample?’ temperature decreases below 9 K. The temperature depen-

In the field limit set by the Maki-Thompson-Larkin effect dence ofA is well described by Eq3). The fit parametep,

H<kgT/eD contributions of the classical magnetoresistancd N 9ood agreement with the measured value of the electri-
and electron-electron interaction are described by the qu&?2! resistivity (see Table )l Below, the fitted values fopg
dratic term in Eq.(2). The magnetoresistance due to theWill be used for the description of the temperature depen-

electron-electron interaction in the Cooper channel is negad€nce and the electron-electron interaction in the Cooper
tive and diverges a¥ approached,. Its contribution is de- channel. For strong spin-orbit scatterirg,r is expected to

scribed by the paramef&r be 0.25 (see above The fits rather give 0.73Qcyr

D 3/2 e4p kC
B=-8.49% 103(—) o<c
fikeT/  In(T/T,)

with kc=1 and 0.25 in the limit of weak and strong spin-
orbit scattering, respectively. In fieldsl <kgT/gug the
electron-electron interaction in the diffusion channel is de-
scribed by the coefficient

"o
= [keT(gps\? g
B=95x 10 F\/L<—> , 5 o®
PO"N 7D \ keT ®

where ug is the Bohr magneton angl is the gyromagnetic

ratio?® The electron-screening paramekempproaches 1 in
the limit of complete screening and O if screening is negli-
gible. In superconductors due to the exchange with virtual

phonons, negative values Bfare expected?® TK)

In the magnetic field rangfH|<0.5zT/eD the magne-
toresistance data were fitted to E8) usingA, B, andr, as FIG. 5. The dephasing rate,' vs temperature for samples
fitting parameters. The fits shown as solid lines in Fig. 3 arayb09, Nb10, and Nb18see Table)l Symbols represent experimen-
in good agreement with the experimental data for all tem+al data and the solid lines are the best fit with E&). Inset: 75"
peratures. The temperature dependencé\,0B, and 7, is  dependence on the superconducting transition temperature.

(4)

10 '

10"

10‘0
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< 0.769 indicating that the strong spin-orbit scattering limit The effect of the magnetic impurities dn, is character-
for the Maki-Thompson-Larkin correction is not realized. ized by the slopedT./dx,,e In Nbs_sTe, we have
Such a situation has often been observed in two- and thre@T./dXy,5=—5.3X 10° K, which is of the same order of

dimensional systen¥:31 magnitude as observed for Zn-Ni, Zn-Co, and Al-Mn
B is negative, and its characteristic temperature deperalloys3’
dence[see Fig. 4b)] allows us to identify the origin of the It is known that the disorder of nonmagnetic origin can

second term in Eq(2) with the electron-electron interaction either suppress or increase the critical temperature of
in the Cooper channel. The single-parameter fit with @y.  superconductor® We notice, however, that in the current

is in good agreement with the experimental data. As in theexperiment this mechanism can not be identified due to con-
case of the Maki-Thompson-Larkin correction, the value oftamination of our crystals with magnetic impurities and in-
the fitting parametek: (see Table)llies between the strong sufficient accuracy opy. Other experiments on purer mate-
and weak spin-orbit scattering limits. rials with fine-tuning of disorderby ion irradiation, for

Figure 5 shows the temperature dependencer,ofor  example are necessary to resolve this issue.
samples Nb09, Nb10, and Nb19. The solid lines correspond Other mechanisms of the dephasing saturation can be ex-

to fits with the formula cluded based on experimental data. Electron scattering by the
. R exchange of superconducting fluctuations modifies the tem-
7, =KT + 757, (6)  perature dependence ef nearT,. In various systems this

with the fitting parameters;2, K, andn listed in Table I. In effect manifests itself either through a negative temperature
Eq. (6) the exponenhxz.g indicates that the temperature coefficient!-3*-*1or a saturatioff of 7,(T). In the latter case

dependence of * arises from electron-phonon interaction. A & increase img" with increasingT. is expected which is not
similar temperature dependence with comparable exponenf&€N In the experiments. This result is also in line with the
has been observed for NbC and 382 For Pg,Agy, alloys, qonc_lusmn that gqntrlbutlon of the electron-electron interac-
in which the electron-phonon interaction determin&T) in tion in , is negligible.

a broad temperature range, bottandK are in good agree- | I:jlc;neqlilllrbrtliur:oiﬁtia:ts Sf rtr;e CO%?;JCI\:AUO” erleﬁfrc;]r;s cfan
ment with our experimerit. Dephasing due to electron- ead 1o saturation of, In Several cases.”Measurements o

electron interaction with small energy transfer is also de.R and 7, at different bias currents show that heating effects

St pover ay D v & STaler exponen. e eLIEnt 1 b xpermnt s o, nera
=3/2, and thecoefficieng435 : Wi ; P :

effect and the electron-electron interaction in the Cooper
k32 channel(Fig. 4) follow the variation of the external tempera-
= TS 3,52 ~32" (7)  ture, while 7, saturates. This also indicates that for the cho-
12V2m 7> D sen measuring parameters the system is in thermal equilib-

Numerical estimates with this formula give a dephasing ratéium- _ _ ,
which is more than two orders of magnitude smaller than e note that outr, values agree with the scaling relation
that observed in the experiment. Therefore, as is often thfor this parameter found by Lin and Kao for numerous three-
case in three-dimensional systems, this mechanism can (smensional polycrystalline alloys with small diffusion con-
neglected for Nb_sTe,.” stant(D=0.1-10 cri/s).> However, in view of the magnetic

Deviations of 7,%(T) from the power law are observed impurities found in our samples the agreement rather appears
(%]

below 5 K and are described by the paramegérThe fitteq 1O pe accidental. Investigations crystals with a r_educed in_1-
values for 7’61 correlate with the critical temperaturésee punty_levg—:l are necessary to compare thg saturation behavior
inset in Fig. 5. This points to scattering on magnetic impu- ©f 7, in single- and polycrystalline materials.

rities which decreases boff), and the dephasing time. The

spin-flip scattering rater;1 is proportional to the concentra- 2. Temperature dependence of resistance

tion of magnetic impuritiesy,q according 8 _ .
Figure 6 displays the temperature dependence of the re-

1 Xmag S+ 1) 8 sistance foif >T,. Up to 270 K, the resistance varies by less
7o why 2SS+ 1) + INA(TITy) ®  than 2% which indicates that the temperature independent
elastic scattering dominates over the electron-phonon contri-

whereS is the impurity spin andl is the Kondo tempera- bution. A closer inspection reveals that the temperature de-
ture. For impurities withS>3/2 andT,<0.3 K we obtain  pendence is nonmonotonic and characterized by one maxi-
Xmag=9% 107°, 30X 10°%, and 42<10°° per host atom for mum around 2 K and a second maximum/hump between 20
Nb19, Nb10, and NbQ9, respectively. These concentrationand 40 K. We ascribe this behavior to an interplay of weak
correlate with the purity of the starting materials used for thdocalization and electron-electron interaction effects, some of
sample preparation. Additionally, we carried outwhich also contribute to the magnetoresistance. At
temperature-dependent magnetization measurements on50 K the temperature dependence is sample dependent.
Nbs_sTe,. These reveal a Curie-type susceptibility contribu-Typical behaviors are illustrated by samples Nb09, Nb10,
tion with a Curie constant which is consistent with theseand Nb19 in Fig. 68). While in Nb09 a negative temperature
impurity estimates if we assume ¥aons (S=5/2) as major  coefficient extends up to room temperature, Nb10 shows a
impurities. metallic behavior with a positive temperature coefficient at
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FIG. 6. The resistance vs temperature in the
linear (the left panel and in the logarithmicthe
right pane) temperature scales for samples Nb09,
Nb10, and Nb19see Table)l. The resistances are
normalized to the value at the low-temperature
maximum T,,. For better visibility curves and
symbols of samples Nb09 and Nb10 are shifted
vertically. The dashed lines are the best fits of the
data in the range 1.2-4.2 K with E¢Q). The
solid lines are the best fits of the data with Eqg.
(10) in the range from 12 K to the value shown
by arrows in left panel.

0 100 00 300

2
TK)

all temperatures. Nb19 with a resistance minimum at 130 Kget Bx= 0.5 n() cm/ppm for impurities withT,<0.3 K, S
falls between these two limiting cases. =5/2, andxy,g<42 ppm(see above This value is compa-
We begin the data analysis with the low-temperature refable to that found in AuFe allo§3*6 and gives by a factor
gion around the first maximum. We associate it with the in-of 8 smallerARy(T) than the electron-electron interactions.
terplay of the superconducting fluctuation effects and the As the temperature is increased above 13 K the weak an-
electron-electron interaction in the diffusion channel. Fortilocalization contribution starts to dominate. This results in a
these temperatures the weak antilocalization is suppressgsitive slope oR(T) [see the extrapolation curve from Eq.
because of the saturation of. In the range 1.2—-4.2 K the (9) in Fig. 6(b)]. However, in comparison with the experi-

experimental data are well fitted by the formtia ment the calculated transition is shifted to somewhat higher
temperatures. This discrepancy indicates that in the consid-
RM - ipo{ A /kLT[_ . 0.91% ered range a mechanism with positiRéT) slope, e.g., the
RTy 27 hD In(T/Te) Boltzmann term, is essential in all samples.
4 1 We associate the high-temperature maximunRii) (a
= ——Curlur(T/Tg, 7-@)] +/——=—(+R,. “bulge” in Nb10) with the emergence of the weak localiza-
37 47,(TD tion with increasing temperature so the;f> e, In this

9 case the temperature dependence of the resistance is de-

) . ibed by the f I
The first term in Eq(9) corresponds to the electron-electron scribed by the formuia

interaction in the diffusion channel with3=0.9152/3 R(T) e? keT \/ 1 1

—3F/4). The electron-electron interaction in the Cooper R(T ) T o2nPol T Fq V7D s Ars * 47,(T)D
channel, the Maki-Thompson-Larkin correction, and the

weak antilocalization, also observed in the magnetoresis- + ] 1 }+LTP+RO (10)
tance, are described by the second, third, and fourth terms, 47,T)D ’

respectivelylyr is a triple integralsee Eq(56) in Ref. 43, ) )
which determines the dependence of the Maki-ThompsonWhere the extrapolation of the low-temperature behavior of

Larkin correction onT/T, and 7,. The values of the fitting the electron-electron interaction in the diffusion charitet
first term and the weak localization and antilocalizatién

parameters-, kc are listed in Table I. The values & de- X )
termined fromR(T) andR(H) are consistent with each other. (the second and .th'rd termis used. The Boltzmann trans-
~ port term is described by the teridTP and the superconduct-

As expected for superconductoFsjs negative in Nb09 and  jng fluctuation effects are ignored. The solid lines in Fig. 6
Nb19. Their values —0.234 and -0.323 for Nb09 and Nblgrepresent the best fit with E(ﬂ_O) with parameter$_’ p, RO!
respectively, are close to those found, for example, inand a universargh=2.3x 102 57! for all samples. It can be
Ti;Sn and Th_,Ge alloys which show higher critical seen that Eq(10) gives a good approximation for the feature
temperatured’ In Nb10 F is larger and positiveF=0.048.  around 20—40 K and extrapolates to higher temperatures re-
We attribute this to the Boltzmann transport term which ex-producing both “metallic” and “insulating” behavior. In all
tends to lower temperatures in this sample and is not ineases the temperature exponent of the Boltzmann term lies in
cluded in Eq.(9). Indeed, the sample Nb10 exhibits the bestthe rangep=1.2—1.4(see Table)l Usually the quantum in-
metallic properties and consequently a larger contribution oferference of conduction electrons in disordered conductors
the Boltzmann term is expected. is considered as a low-temperature effect. Its extension to

Compared to the electron-electron interaction the Konddigher temperatures is possible when the dephasing length is
effect in the temperature dependence of the resistance is nesfill larger than the electron mean free paibr¢>l. This
ligible. The Kondo effect can be described by a logarithmicoccurs in systems with strong potential scattering such as
term AR (T) =ByXmagIN(T/T) with the factorBy estimated — Ti-Al alloys,*® Mo/Si multilayers!® and ion-implanted
from the Hamann’s formul& In the free electron model we polymers® where the interference effects persist above
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250 K. Therefore in Nb_sTe,, which is also characterized by determined by the electron-phonon interaction and scattering
a short mean free path, high-temperature quantum interfesn magnetic impurities.
ence of conduction electrons is also possible.
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