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Quantum interference of electrons in TgTe,Si
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Transport properties of single crystalline quasi-one-dimensional fibers dfefai are studied. The tem-
perature dependence of the resistivity indicates metallic behavior with a residual resistivity ratio of approxi-
mately 3. Low-temperature magnetoresistance is positive and anisotropic. The results are interpreted in the
framework of the three-dimensional weak localization theory with an anisotropic diffusion constant. Dephasing
scattering lengths extracted from the magnetoresistance data are well described by a theory of the electron-
electron interaction in disordered metals.

[. INTRODUCTION tracted from the magnetoresistance data are in good agree-
ment with theoretical predictions of electron-electron inter-

Quasi-one-dimensional compounds attract considerablactions in disordered metals.
attention due to various electronic instabilities such as
charge- and spin-density waves and unusual “normal” phase
features. For example, a charge-density wave with incom-
mensurate lattice distortions along the chain direction was Ta,Te,Si single crystals are prepared by chemical vapor
observed in inorganic compound NBSdn the organic con-  transport from stoichiometric ratios of powders of the ele-
ductors (TMTSF)X, known as Bechgaard salts, states withments Ta, Te, and Si in evacuated silica vessels with jJeCl
spin-density wave, metallic conductivity, and superconducused as a transport agent. Samples were heated and kept at
tivity were observed at different pressure and magneti&00 °C for 1 day, then at 1100 °C for 2 days, and after that
field? However, some quasi-one-dimensional compoundguenched rapidly to room temperatdrés a result fibers,
appeared to be stable against such symmetry-breaking instapproximately 2 mm long and 2 —4m thick, were formed.
bilities. For example Hg_ ;AsFs, TaSe, and ThMogSeg are  X-ray powder-diffraction patterns were obtained with a
metallic down © 4 K and even exhibit superconductivity at STOE powder diffractometer using monochromatedkCy
lower temperature¥.® In this connection a search for other radiation. Crystals invariably exhibited an extreme needle-
one-dimensional systems, which are resistant to the Peierlike shapes with the needle axis colinear with the crystallo-
transition, is of interest. graphicc axis.

A decade ago a new quasi-one-dimensional compound For resistivity measurements a fiber was glued with a sil-
Ta,Te,Si was synthesized by Badding and DiSafvti.is  ver paste to four gold wires separated by 0.5 mm. The resis-
built up from Si centered square antiprismatig Tey infinite  tance was measured by a four-probe technique using a dc
chains weakly bound to each other via the Te—Ta van denanovoltmeter HP 34420A and the Keithley 2400 current
Waals interactions. According to band-structure calculationsource. The current through the sample was A, which
this compound is metallic with two half-filled and a twofold is low enough to prevent self-heating. We avoided static
degenerate nearly filled conduction bafidghe structure of electricity discharges and current overshoots during contact-
this compound might be resistant to deformations that loweing the electrical circuit, since they may irreversibly alter the
the density-of-states at the Fermi level. However, early exsample properties. Sample mountings were done under dried
periments did not confirm this prediction—in Refs. 8 and 9 aargon atmosphere because samples are air and moisture sen-
characteristic temperature dependence of the resistivity simsitive.
lar to that in NbSg was observed that points to an instability =~ Measurements were performed using a variable tempera-
also in TaTe,Si. ture Oxford “He cryostat with a superconducting magnet.

In this paper we present a magnetoresistance study dfhe rotatable sample holder with an axis perpendicular to the
crystalline TaTe,Si fibers. Both, the temperature depen- magnetic field allows us to align the fiber either perpendicu-
dence of the resistivity and the magnetoresistance demotar or nearly parallel to the magnetic field. Alignment was
strate metallic behavior down to 1.7 K. We found that thedetermined from the extremes of the angular dependence of
temperature dependence of the resistivity, which is typicatesistivity. In the case of parallel orientation a small mis-
for the charge-density wave and similar to that measured imlignment could arise if the sample and the holder rotation
Refs. 8 and 9, is observed in jle,Si only after the appli- axis were not exactly perpendicular. Magnetoresistance was
cation of a current pulse. Low-field magnetoresistance is inmeasured by stabilizing the temperature with an accuracy of
terpreted according to the three-dimensional anisotropic-0.01 K at a value between 1.5-15 K.
weak-localization theory. Carrier phase scattering lengths ex- The measurements with the inversion of the magnetic

II. EXPERIMENT
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FIG. 1. The temperature dependence of the normalized resis-
tance measured befof&) and after(2) the application of a current
pulse (see the text The curve(2) is normalized to the value of
resistance at 4.2 K observed before application of the pulse. Inset:
the low-temperature resistance of two different samples from the
same batch.

10*< AR/R

field reveal a weak linear Hall component, which is an indi-

cation of nonuniform contacts. In the data analysis this com- -1.0 0.5 0.0 0.5 1.0
ponent was subtracted. H(T)
IIl. RESULTS AND DISCUSSION FIG. 2. The normalized magnetoresistanddr/R=[R(H)

—R(0)/R(0)] in sample A vs the magnetic field, aligned along

Figure 1 shows a typical temperature dependence of th@J) and perpendicular®) to the crystallographic axis. (a) Mag-
resistance in the range 1.7-300 K. Starting from room temnetoresistance in the range of fields up to 11(b. Magnetoresis-
perature the resistance gradually decreases Wild satu- tance in the range of fields up &L T for several temperatures. The
rates below 10 K typical for metallic behavigcurve 1 in  symbols present experimental data and the solid lines are fits to Eq.
Fig. 1). Depending on the sample, the resistivigyat 4.2 K (1) for three-dimensional weak-localization corrections. For better
lies in the range of 0.9210 %—6.0x10 % Q cm. These visibility curves and symbols are shifted vertically. The dashed line
values are characteristic for semimetals. The sample depeﬁ-the b.est fit of the 1.8 K data t.o one-djmensional Weak-localization
dence ofp, supposedly arises from uncertainty of geometri_corrgctlons. Ipset: N_Iagnetore5|stance_|n the_ range of fields up tq 0.1
cal dimensions, nonuniform current distribution, or sparseT W|th_one-d|men3|onal and three-dimensional weak-localization
package of conducting rods within a fiber. Indeed, the resist®ections:
tivity ratio p(300 K)/p(4.2 K) is the same for all samples.
We take the lowest valug,=0.92<10"* () cm as the best Vvalue of resistivity are very similar to those measured
estimate for the resistivity. previously®® Alterations are attributed to crystal defects in-

Close inspection of the low-temperature region reveals aluced by the current pulse. We conclude thajTEaSi is
weak temperature dependence of resistivity, which is essematrinsically metallic. In the following, we focus on the fibers
tially sample dependent. For samples A and B resistivityof Ta,Te,Si with a clear metallic temperature character.
increases and decreases, respectively, by 0.5% and 0.02% in Figure 2a) demonstrates the resistance as a function of
the range 1.7—4 K as shown in the inset of Fig. 1. The magthe magnetic fieldH measured in the broad range from
nitude of this effect and its low-temperature character allow—11 Tto+11 T. The overall magnetoresistance is positive
us to connect it with the quantum interference corrections tavith the classical mechanism dominating in fields above 5 T.
the resistivity. These effects are very sensitive to lattice deThe sharp dip in low fieldsl <1 T is a typical fingerprint of
fects that can lead to qualitatively different behavior of dif- the suppression of weak localization by magnetic ff8l@he
ferent fibers from the same batch. large-scale electron coherence length is usually 100-

As noticed previously, TAe,Si samples are very sensi- 1000 nm and magnetic fields of the order fo/f4eLi are
tive and require even careful electrical handifngor ex- necessary for a suppressihrhe broadening of the magne-
ample, application of a short moderately strong current pulséoresistance peak with increasing temperature reflects the de-
(24 mA for 50 us) at 4.2 K raises the resistivity irreversibly crease ofL, due to both electron-electron and electron-
by more than one order of magnitude. Also the temperatur@honon scattering. The magnetoresistance is anisotropic due
dependence alters qualitatively. The temperature coefficientb the chain structure of the compound. In fields parallel to
becomes negative at<40 K and a local maximum appears the chains the magnetoresistance behavior is always broader
around 210 K(curve 2 in Fig. ). This dependence and the (L, is shortey than in the perpendicular field orientation.
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The anisotropy in the plane perpendicular to the chain is 2.5

10% or less.
For a quantitative analysis the dimensionality of weak lo- oo Lt
calization corrections in the quasi-one-dimensional com- o A
pound is of great importance. One-dimensional behavior is + + B
expected either when the fiber cross section is smaller than 15 o C
L, or when the electron interchain coupling is so weak that .
electrons move coherently only within a single chi®th- 1.0 o
erwise the system behaves as an anisotropic three- o9 g
dimensional conductor. Using various models of magnetore- g | 4 + o
sistance we have estimated to lie in the range 60—300 nm. 00 o of g
It is smaller than the thickness of the thinnest fiber and much ° o
larger than the interchain separation. Thus, we may assume © 0 ; 1'0 1|5

three-dimensional localization corrections.
We use anisotropic three-dimensional theory of quantum T(K)
interference corrections to resistivity, which includes weak
localization and electron-electron interaction effééts’ In
the limit of low fields and strong spin-orbit scattering the
relative change of the resistance for the current along the

FIG. 3. Temperature dependence of the coefficiem Eq. (1)
for samples A, B, and C, respectively.

chain axis is expressed by the formidrd* =a[1+(H/a)?* *—a;+asH? (a,=—7.03x10°*, a,
=85.4 mT, az=3.21x10 T ?) gives 3.4 times larger
R(H)—R(0) e? o 1 de Li H standard deviation and does not fit the experimental behavior
R(0) :aipo4 2 Y L—fs 5 both in low- and high-field regionisee the dashed curves in
™ ol Fig. 2b) and in its inse
4el2 H The anisotropy of magnetoresistance was measured only
X —“’"+BHi2, (1)  atthe lowest temperatufe=1.8 K to diminish the overlap

h of the quantum-mechanical and classical magnetoresistance
where the index=1 or| in H;, «;, andL,,; corresponds components in the case of the parallel field orientation. In
to the direction of the magnetic field perpendicular and parsample A we get ;=137 nmL,, =246 nm, andy=10.
allel to the chain axis|,; are connected with the phase- The anisotropy of samples B and C is largeyp=17 and 29,
braking time 7, by the reIationsL(p”:\/m and L, respectively. In the subsequent analysis these values will be
_ (DtDI)1/4\/T—<p with the diffusion constant®, andD, per- used for te.mp_era.tures up to 15 K. In this range the re_S|st|\_/|ty
pendicular and parallel to the chain axjs=D,/D,, and saturates indicating to the cqnsta_mt value of the _dlffusmn
fay (1/x) =2 [V2+x—X] — [(0.5+x) Y24 (1.5+x) 2] consta'nt.ai depends on the dlrect|9n of magnetic field and
+(2.03+x) ~¥%/481° The first term in the right-hand side of € ratioey/a, is 1.8, 2.2, and 1.9 in samples A, B, and C,
Eq. (1) describes the weak antilocalization correction in the'®SPectively. Possibly, this anisotropy indicates the nonuni-
singlet channel of electron diffusion. This term with=0.5 versal behavior of the three-dimensional weak localization.

is dominant for heavy element compounds where spin—orbi} The Lemperatur_e dependence of the coef;iciein;u;n Eq'l
scattering timer, is much shorter tharr,. The second, 1) is shown in Fig. 3. Above 10 K it reaches the values

guadratic term contains contributions from the classical mag_(-)'24_o'44' close to the theoretical value=0.5, if we take

netoresistance mechanism, weak localization in the triplef?i© account the uncertainty @f, as previously mentioned.
channel, spin splitting® and electron-electron scattering in With decreasing temperature;, increases in all samples.
the limit of low fields, H<#/4eDry,, H<ksT/gug, and Thls effect is especially noticeable for sample B in wr_wqh
H<kgT/2eD, wherekg is the Boltzmann constanyg is ~ NCreases steeply at temperatures below 2.5_ K. This strong
the Bohr magneton, anglis the gyromagnetic ratio. temperature dependence, which correlates with the tempera-
In superconductors, above the critical temperatiie ('€ dependence of the resistartsee inset of Fig. flallows
scattering on virtual Cooper pairéhe Maki-Thompson- US to connect this behavior with the Maki-Thompson-Larkin
Larkin effecd contributes also to the resistivity and this con- &fféct. Strong superconducting fluctuations allow us to ex-
tribution is described by the first term of E(L) with the pect_the superconducting transition in t_h|s compound at sub-
temperature-dependent coefficient 8(T/T,), where 3 is Kelvin temperatures. Additional experiments are necessary
c/ . . g
the function tabulated in Ref. 17. to verify this supposition. ,
We fit the magnetoresistance data to Hd) using _The temp_era;ure dependencelgf, in samples A, B, and
@i, L,i, andB as fiting parameters. These fits shown asC is shown in Fig. 4. Fol >3 K the data follow the power

solid lines in Fig. 2b) are in very good agreement with the 12W

experimental data for all temperatures and for both orienta-

tions of the magnetic fields. The standard deviation value of L;f =KT3?, (2
6x10 ¢ is comparable with the measurement accuracy.

Other models of the magnetoresistance describe experimewith K=4.17 um 2K %2 As known, the same tempera-
tal dependencies much worse. For example, the ondure dependence is given by electron-electron scattering with
dimensional weak localization correction with the quadraticsmall energy transfer in three-dimensional disordered
classical magnetoresistance téfm[R(H)—R(0)]/R(0)  metalg®
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termined p,. We get K=0.055-0.27 um 2K %2 which
corresponds toy=10 and 29 for the lower and upper limits
of this range. The agreement with experiment is acceptable
takin%lzi)nto account the strong dependencekobn D(K
~D7%9).

In sample B, for low temperatureb<3 K the depen-
dencel , % (T) deviates significantly from th&*? law. The
negative temperature coefficient in this temperature range
correlates with the peculiarities in temperature behavidR of
and a, (see Figs. 1 and)3and can be associated with the
larger contrribution from superconducting fluctuatiéhghe
analogous behavior was observed earlier in Al fiitrsnd
Ti-Al- (Sn,C9 alloys??

In conclusion, we studied the magnetoresistance and elec-
tron decoherence in metallic JBe,Si samples. For in the

T(K) range 3-15 K, electron decoherence is satisfactorily de-
FIG. 4. The inverse square of the dephasing lerigih vs scribed by the theory of electron-electron scattering. The

temperature. Symbols represent experimental data and the solid liI%uﬁ':}teL:'n:'el?et?jn(i(ra]ril:gefr;?'::\f/lv%l‘:‘ﬂogf t%:g:_(;?gggg}g;i?'i&ggﬁe
is the best fit withL ;2 =KT%2, K=4.17 um 2K 32 b

localization theory in the limit of strong spin-orbit scattering.
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