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Abstract

In this Letter we report on the electrical resistivity and magneto-resistivity of disordeggdl»_,Fe, alloys in the
temperature range.3 < 7T < 300 K and analyze them in the light of weak localization and electron—electron interaction.
The low temperature zero field resistivity obeyi.F%{2 law, which is explained by electron—electron interaction. The low field
magneto-resistivity is described by weak localization theory under strong spin—orbit interaction. The electron—phonon scattering
rate obeys a quadratic temperature dependence. This observation is interpreted by the existing theories of electron—phonon
interaction.
0 2004 Elsevier B.V. All rights reserved.
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1. Introduction ature electrical resistivity alisordered electronic sys-
tems have led to quantum corrections to the classical
Boltzmann contribution during the last few decades.
The corrections assume more and more importance as
the temperature appmohes zero with the accompa-
nying effect of disorder. This non-classical aspect of
the carrier transport mechiam has been theoretically
| interpreted by two distinct phenomena—namely, the
electron—electron interaction (EEI) and the weak lo-
calization (WL) phenomenon. The electron—electron
interaction is less sensitive to the magnetic field and
produces a positive magneto-resistance at high mag-
msponding author. netic field. ThoulesE8] first studied WL from the scal-
E-mail address: ak_meikap@yahoo.com (A.K. Meikap). ing theory and found that WL behaviour is strongly

The properties of disordered metals have long been
a subject of interest. In the last few decades much theo-
retical and experimental effort has been made to study
the problem of electron transport in a random poten-
tial [1-7]. The motion of electrons in disordered sys-
tems is one of the most important and fundamenta
problems in condensed matter physics. Both theoreti-
cal and experimental investigations of the low temper-

0375-9601/$ — see front mattér 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.physleta.2004.06.016


http://www.elsevier.com/locate/pla

D. Biswaset al. / Physics Letters A 328 (2004) 380-386 381

dependent on the dimension of the system. The WL in the furnace after physical mixing of spec-pure vana-
results from the enhanced back scattering probabil- dium, aluminium and iron in suitable proportions. To
ity of the electrons due to the interference by partial ensure homogenisation of composition in the alloy in-
electron waves travelling along time reversed electron- gots, the same were annealed at 800for a period
path. Constructive interference will occur even in the of 50 to 170 hours. The dimension of the sample for
presence of elastic scattering since this type of scatter-resistivity measurement was2x 0.2 x 10 mn¥. Plat-
ing does not influence the phase coherence of the elec-inum electrodes were joidavith the samples for elec-
trons. The scattering events, which affect the wave- trical connection by spot welding. The standard four-
length of the electronic wave function, are mainly probe technique was used for measurement of resistiv-
the electron—electron and electron—phonon scattering, ity. Low temperature measurement was performedin a
which are strongly reduced at low temperature. An ex- *He cryostat. Calibrated carbon glass and Ritr-
ternally applied magnetic field suppresses the phasemometer were used as sensors to monitor the temper-
coherence and we have negative magneto-resistanceature of the specimen. To avoid the harmful effect of
Later, the theory was extended to take into account joule heating of the electrons, low measurement cur-
other scattering mechanisms namely, the spin—orbit rent was applied. Similarly with a view to minimiz-
coupling, which produces an antilocalization effect ing the contribution from the many body EEI effect,
and the result is positive magneto-resistance and thea small magnetic field was applied while measuring
scattering by magnetic impurities, which produces a the magneto-resistance. Free electron mfziglwas
saturation of the additional resistivity at low temper- applied to find out the values of the Fermi wave vec-
ature. Although EEI and WL introduce temperature tor Kr, which is given by the relatiokr = (f;'/—efo) ,
dependent corrections to resistivity at low tempera- whereag is the Bohr radius ang; is the volume of a
ture, it is known that in case of three-dimensional dis- sphere whose volume is equal to the volume per con-
ordered metals, the temperature dependent resistivityduction electron. The electron elastic mean free path
at zero magnetic fields is dominated by EEI correc- () was determined from the relatida = $,
i ; ; ; ; ; 00
tion and the field dependence in low fields is domi- \yherep, (at 10 K) is the resistivity due to impurities.
nated by the WL corrections. The magneto-resistivity . . .1 DEN®O)
. N . The Einstein relation- = , was employed to
study by WL provides quantitative information regard- . 0 1 Aﬁ e ,
. S . . . . .. determine the values of the electron diffusion coeffi-
ing dephasing time for inelastic scattering, spin—orbit cient. Herepo is the measured resistivity (0) is the
scattering and spin—spin scattering in respect of the : ©0 . . W o
. . density of states at Fermi level obtained from specific
electron wave function. Many theoreticg8,6] and 5 5
- . heat measurementT = (7</3)K;N(0), for vana-
experimenta[9-13] works have established that the . L
: . . dium aluminium alloys. A value of 0.46 was used for
electron—electron scattering dominates the dephasing : .
. : . . the electron—phonon coupling constarj28]. By util-
process in reduced dimensional systems and its tem_ising these values, the expression for diffusion coeffi-
perature and disorder dependence has been quite weICient fUms out to bed = 229/ po c?/s, po being in

developed. Although, the temperature behaviour of the :
electron—phonon scattering is well established in pure ue2 em [29].' Table 1displays the values ok, Krle
and D for different samples.

or clean conductorfl4,15] the nature of electron—

phonon scattering in disoeded metals is still under

controversy16—26] In this work we want to study the 3. Resultsand discussion

WL and EEI effects in disorderedgdAl 2o, Fe, al-

loys and also study the anomalous temperature behav- We have measured the electrical resistivity of the

iour of electron—phonon scattering at low temperature. disordered polycrystalline 36Al 20—, Fe, alloys both

in the absence as well as in the presence of the mag-

netic field (B < 1 Tesla) in the temperature range

1.5< T <300 K. The values of resistivity at 10 K and
VgoAl 20, Fe, alloys were melted in an arc-melting  resistivity ratio are given ifmable 1 Fig. 1 displays

furnace withx = 0, 1 and 2. The melting procedure in-  the variation of the electrical resistivity with temper-

volved repeated melting and solidification of the alloy ature for different samples. It is apparent fréfg. 1

2. Experimental method
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Table 1

Values of relevant physical parameters for disordered
VgoAloo_Fer alloys, pg and p(300 K) are the resistivity at
10 and 300 K, respectivelye is the mean free path) is the elec-
tron diffusion coefficient,Kr is the Fermi wave vectoflin is the
temperature at which resistivity is minimuna, is the coefficient
of T1/2 variation of resistivity, zeg- is the spin—orbit scattering
rate andr‘l(lo K) is the dephasing scattering rate at lOrg,1

is temperature independent dephasing timg.,pp, is the strength
of electron—phonon coupling; is the exponent of temperature for
To. éh and éh is the electron—phonon scaiteg rate calculated
from Eq. (5)

Parameters Al 20 VgoAl1gFe; VgoAligFer

00 (HS2cm) 148 167 180

p(300 K)/pg 1.017 1.024 1.039

Ile (A) 2.43 2.15 2.00

D (cm?/s) 1.55 1.37 1.27

Krle 4.47 3.96 3.68

Tmin (K) 62.0 57.5 37.5

o (psrlcmfl K=1/2) 470x 10°® 376x10°°% 315x 1076

‘1,’50 (s 8.051x 102 7.443x 1012 7.112x 1012

1 (s 1.239x 101 1.018x 101 0.896x 1011

—1 (s 4.874% 1019 2.205x 100 1.918x 1010

p 2.12 2.04 1.99

Ae-ph(sT1K=P) 6.508x 108 7.639x 10 7.491x 10°

rg_;h(s_l) (theor.) 2681x 10! 3.038x 101 3.268x 1011

that the resistivity of the samples follows a decreas-
ing trend with decreasing temperature touching a min-
imum at7 = Tmin. Further lowering of the tempera-
ture (T < Tmin) produces an anomalous behaviour in
resistivity property of the disordered alloys by impart-
ing an increasing trend to the resistivity. The values
of Tmin for different samples are listed ifable 1 We
have explained this anomaly in resistivity behaviour of
such disordered solid at low temperat#e < Tmin)

by electron—electron interaction (EEI), weak localiza-
tion (WL) and Kondo type scattering phenomenon.
Theoretically, the effects of EEI in three dimensions
cause a resistivity rise at low temperature given by
% = «TY?2 [30,31] wherea is a constant and

0
given by the relation

13[4 3F
C4n2h|3 2 2hD

wherekg is the Boltzmann constan® is the diffusion
constantfi is Planck’s constant divided by:2 e is the
electronic charge an# is a screening factor averaged
over the Fermi surface.

@
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Fig. 1. Variation of electrical resistivity with temperature of different
disordered oAl 2o, Fe, alloys.

A considerable effect of interference between scat-
tered partial waves becomes discernible at low temper-
ature due to the movement of electrons between two
scattering events. Under such circumstances, the effect
of weak localization assumes the dominating role to
influence the resistivity behaviour of disordered met-
als[32—34]and the temperature dependent part of the
resistivity can be expressed ééi BTP/2, where

p is an exponent of inelastic scatterlng timewhich
is proportional tof 7 andg is a constant.

The Kondo type scatterinf85] phenomenon also
contributes to resistivity by which the resistivity in-
creases with decreasing temperature at low tempera-
ture region and the resistivity obeys the relationship
% =nInT, wheren is a constant. We may, there-

0

fore, express the rise in resistivity at low temperature

by combining the effects due to all these three phe-

nomena by the following relationship:

Ap(T)
Po
With a view to understanding the true mechanism

in the electron transport in such disordered alloys, we

have fitted the experimental data willy. (2) taking
different constants as fitting parameters. It is found

that the experimental data is amenable to produce a

good fit with theT¥/2 but not with InT" variation in

the experimental temperature range & K < T <

aTY? 4 BTP/?2 4 5InT. 2)
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Fig. 2. Electrical resistivity variation as a function aft/2 for
different disordered ¥pAlog_, Fe, alloys.

Tmin- This rules out any effect of Kondo type scat-
tering to account for rise in resistivity belo¥in. In

Fig. 2, points represent the experimental data and solid
lines show the fitted values obtained from the relation
20 — 4712, The values of the fitting parameter

P
a f%)r different samples have been listedTable 1
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Fig. 3. The variation of the magneto-resistivity with magnetic field
at different constant temperature o§)Al1gFe; alloy. The points

are the experimental data and the solid lines are the theoretical
predictions fronEq. (3)

It is well known that quantitative information on
impure metals for the electron dephasing scattering
time can be obtained from the measurements of the
magneto-resistance due to weak localization effects
along with contribution from superconducting fluctu-
ation. This therefore, enables us to introduce the ef-

It has been observed that the two effects namely, the fect of three-dimensional weak localization along with

WL and EEI effects are the major contributing fac-

superconducting fluctuation correctif@8—40]in the

tors toward reSiStiVity correctionin disordered conduc- low field region to interpret the magneto_resistance
tors. However, the temperature dependence of resistiv-data. In order to calculate the different scattering
ity in three-dimensional disordered metals, in absence fields such as the electron dephasing scattering field
of a magnetic field is dominated by the EEI correc- (Bs) and the spin—orbit scattering fieltBso), we
tion. Therefore, it may be inferred that ttfe/2 de- have fitted the experimental magneto-resistance data
pendent resistivity-rise with decreasing temperature in with Eq. (2) using B, and B, as fitting parameters
disordered ¥oAl 20— Fe, alloys is due essentially to  for a particular temperaturéig. 3 shows the varia-
the EEI effects. tion of the magneto-resistance with magnetic field for
While measuring the magneto-resistance, the mag- v/goAl1gFe; sample in which the points represent the
netic field was kept well below 1 Tesla so as to mini- experimental data and the solid lines display the theo-

mize the effect of any contribution arising from many retically best fitted values obtained by usiag. (3)
body electron—electron interaction. The positive val-

ues of magneto-resistance for all the samples con- Ap(B, T)

firm the existence of strong spin—orbit scattering ef- 2
) ; . Po
fects even if the constituents are of lower atomic num-
bers[36]. A very similar finding was recorded in the . & [eB[1 B
study of highly resistive crystalline N&i;—_, films T ox2h\ h §f3 B_¢

[37]. The alloys under investigation being highly resis-
tive are susceptible to strong electron-elastic scattering
and show strong spin—orbit scattering.

—§f (L>—ﬂ(ﬂf (E)] (3
273 B¢+%Bso ° By )|
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where the functionfz(x) has already been defined in ,,v')
Ref.[41] and B(T) is the superconducting fluctuation 4x10”
parameter{39]. The different scattering times have
been calculated from the best fitted values Bt

and Bso by using the relationr, = 4eg—BX where

x = ¢ for electron dephasing scattering and= so

for spin—orbit scattering. The calculated values of <

2 11
7so and 7, show that the spin—orbit scattering rate =, 10 7

o

is independent of temperature and is higher than the
electron dephasing scattering rate, igg! > rdjl.

The values ofrgt and 7, * (10 K) are listed in
Table 1 74 possesses two components, one of which is
temperature independent], and the other one which

is temperature dependent) i.e., inelastic scattering : . . T : T . T

time. This is given by ° ° 10T(K) " 2

3x10""

1x10"

-1_ _-1 -1_ _-1 -1
s =T T =T+ Tepn (4) Fig. 4. Electron dephasing ratg (T) as a function of temperature
. for the VgpAligFep alloy. The solid, dashed and dotted curves
—A 80Al19
The electron—phonon Scatte””ge.gr) and the elec- g jeast square fit t&q. (4) with the exponent of temperature
tron—electron scattering{2) are the two main mech- ~ p=2.04.3 and 4, respectively.
anisms, which are responsible for inelastic scattering.

It is the electron—electron scattering that dominates in ' ' ‘ ' ' ‘ ' ‘

reduced dimensional systerf#2,43], but in case of 4x10" + 1
such disordered three-dimensional alloys, the inelas- " Vel
tic scattering is dominated by electron—phonon scat- | VA |

80" 18 2

tering [18,44] In accordance witlthe general theo-

retical prediction the electron—phonon scattering rate _

may be expressed ag(T) ~ Aepnl ” taking p = 3 2 20
for clean systems in case of three-dimensional spec- +°
imens. The variation ofr;* with temperature for
VgoAl1gFer alloy is shown inFig. 4 in which the

symbols represent the experimental data whereas the

1x10"

solid curve is the least square fit Ex. (4)with 1o, o{ * 4
Aephandp as free parameters. The best fitted value of 0 : 0 h A

10 =4.535x 107! s, Aepn=7.639x 10° st K7 T

and p = 2.04. The dotted and short dashed curves

show the least square fits q. (4) with fixed val- Fig. 5. Electron dephasing ratg *(T)) as a function of temperature

ues ofp as 3 and 4, respectively, although the para- for the VgpAlog_ Fe, alloys. The solid curves are least square fit

meterstg and Aepn Were allowed to vary. It is evi- toEq. (4)

dent from theFig. 4 that the temperature dependent

part of the measuret:i@,j1 shows only a quadratic tem-  Aeph = (6.508—-7639) x 108 s 1K~ and p =199
perature dependence. The variatiorrgffor different to 2.12. A large number of authors have proposed dif-
samples over the temperature range of 2 to 20 K hasferent theories for the electron—phonon interaction in
been shown irFig. 5. The points indicate the exper- impure metals. Bergmann and Takayama, to name a
imental data and the solid lines indicate the best fit- few, have proposed models for electron—phonon in-
ted values employingqg. (4)with adjusting parame-  teraction in dirty metal$16,17] According to them,
ters o, Aeph @and p. The values of our best fitted ad- the impurities act as additional source for electron—
justing parameters argy = (5.214-2052) x 10! s, phonon scattering process while participating in lat-
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tice oscillation particularly with low-energy transfer. the following formula, which conforms to the afore-
The Eliashberg functionxgpF(w) ~ w, predicted by said condition:

them depends linearly on the phonon frequeacy
in the low-w regime. The function has been used by 2.2,
many authors in their experimental verification in elec- f—_lhz nszh Ke(l+ Mk = k) T2
tron tunneling measurements that leadg'fodepen- P 6m2pu’lepoD

dence ofre—p1 [44]. However, later detailed micro- _ . _
scopic study confirmed the prediction of Eliashberg Wherep is the density and:, is the transverse ve-
function to be incorredil8—22,45] A satisfactory ex-  locity andk is a constant. Taking the values pf=
planation was put forward by Rammer and Schmid 4.56 x 10° kg/m?, u; = 3.10 x 10° m/s, A = 0.46,
[18] who worked out the problem by considering im- KF = 1.84 x 10" m~! for VgoAlzo .Fe, samples
purity atoms to be moving in phase with other lat- With k = 0.5, the calculated values af ;, at 10 K

: ®)

tice atoms that leads to weakening gf; assum-  are(2.68-327) x 10'!' s~ whereas the experimental
ing the order of(gpnl)7en, Whererglo ~ 7% is the  Values arg7.05-797) x 10'%s™1. Itis therefore, ev-
Schmid theory predicted thagpl should follow aT* about four times greater than that of the values ob-

at low temperatures. Reizer, Sergeev and B§lig- tained experimentally even if the quadratic temper-
21] have independently confirmed this theoretical pre- ature dependence af ;, for the investigated sam-
diction and has found wide acceptance by the theoret- Ples obeys the above theoretical prediction. There-
ical investigators. The authors worked out the value fore, it may be concluded that this observation can-
of p which turned out to be 2 fmte—pl in impure not be fully understood in terms of existing electron—
VgoAl20_ Fe, alloy system which is not in agreement phonon interaction theory for impure metals. A clear
with Rammer—Schmid theory that predicts the value of understanding of this requires further detailed investi-
p to be 4. gation.

Sergeev and Mitirf45] however, in contrast to all For our greater concern over mechanism of the
earlier theories, took into account both the static and €lectron—phonon scattering in the dirty limit, it is now
vibrating random potentials in their proposed mecha- necessary to examine whether the disordered criterion
nism. They have observed that the event of complete 9phle < 1 is satisfied in the present study. Taking
dragging of random scattering potentials by phonons Vs~ 4.10 x 10° m/s for high resistive YoAl 20— Fe;
makes the effective electron—phonon interaction de- @lloys[29], we obtaingpn(T')le = (0.0064-001037,
crease due to disorder, resultingzig[,l ~ T4 at low where T is in Kelvin. It is ndiceable that the high
temperatures. This confirms the Rammer—Schmid the- values of resistivityg, has rendered the electron mean
ory about dirty metals. Sergeev and Mitin correctly free path to be very short in these alloys, which has
surmised that in real metallic disordered systems, resultedin avery small magnitudedile. Therefore,
phonons would not be always capable of dragging the dirty limit criterion ofgpnle < 1 is well satisfied
the imperfections completely. They further observed for the electron—phonon processes in the investigated
that such incomplete dragging would cause a non- samples even at the highest measurement temperatures
monotonic temperature and disorder behaviour of the of ~20 K.
electron—phonon interaction and concluded that inter-  The electron dephasing lengthg = (Dzy)*/? for
action between electron and transverse phonons wouldthe VeoAlzo-.Fe. alloy systems have been deter-
be more effective than the interaction between elec- Mined by employing the measured valuestp{T).

tron and longitudinal phonons and result in the anom- We find that L(T) varies from about 190 A to
alousT? dependence Qfe—pl in the dirty limit gpn/ < 1 1034 A as the measurement temperature decreases

and in the temperature < hus from 20 to 1.5 K. Therefore, every alloy sample stud-

The samples investi-

Kaple’ _ i ied in this work lies well within the three dimensional
gated by the authors satisfied the conditior: - regime. This lends justification to our using the three-
Therefore, the electron—phonon scattering [2845] dimensional weak localization theory to describe the

has been calculated to illustrate our results by using experimental magneto-resistances.
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4. Conclusion

In this work we have studied electrical resistiv-
ity and magneto-resistivity of three-dimensional dis-
ordered Moo-.Al:_,Fe, alloys in the temperature
range 15 < 7 < 300 K. A minimum on the resistiv-
ity versus temperatures curve existsTat= Tin. At
low temperatur€1.5 < T < T,,) the zero field resis-
tivity obeys theT'1/2 law indicating the prominence of

D. Biswaset al. / Physics Letters A 328 (2004) 380-386

[9] AK. Meikap, S.K. De, S. Gatterjee, Phys. Rev. B 49 (1994)

1054.

[10] G. Bergmann, Phys. Rev. Lett. 48 (1982) 1048.

[11] E. White, R.C. Dynes, J.P. Garno, Phys. Rev. B 29 (1984) 3694.

[12] A.K. Meikap, A.R. Jana, S.K. De, S. Chatterjee, J. Low Temp.
Phys. 85 (1991) 295.

[13] P. Santhanam, S. Wind, B..Prober, Phys. Rev. B 35 (1987)
3188.

[14] M.Yu. Reizer, Phys. Rev. B 40 (1989) 5411.

[15] M.L. Roukes, M.R. Freeman, R.S. Germain, R.C. Richardson,
M.B. Ketchen, Phys. Rev. Lett. 55 (1985) 422.

electron—electron interaction. The magneto-resistivity [16] G. Bergmann, Phys. Rev. B 3 (1971) 3797.

of all the alloys is positive and well described by the
WL theory under strong spin—orbit scattering at small
magnetic field. By analyzing the magneto-resistivity

data, we have calculated the electron—phonon scatter-[zo]

ing time (ze-pn), Which obeys a quadratic temperature
dependencerefplhoc T2. Such quadratic temperature

behaviour of electron—phonon scattering time is ex-
plained by existing theory but its magnitude does not
satisfactorily match the theoretically predicted value.

Therefore, our observed data on electron—phonon scat-

tering failed to give an exact agreement with the exist-
ing theory.

Acknowledgements

The authors are grateful to the Ministry of Human
Resource and Development (MHRD), Government
of India for their generous financial help during the
process of investigation without which it would not
have been possible to complete the work.

References

[1] H. Suhl, M.B. Maple (Eds.), Superconductivity i#- and
f-Band Metals, Academic Press, New York, 1980.

[2] W. Buckel, W. Weber (Eds.), Superconductivity i and
f-Band Metals, Kernforschungszentrum, Karlsruhe GmbH,
Karlsruhe, 1982.

[3] B.L. Altshuler, A.G. Arnov, in: A.L. Efros, M. Pollok (Eds.),
Electron—Electron Interactions in Disordered Systems, Else-
vier, Amsterdam, 1985.

[4] J.H. Mooij, Phys. Status Solidi A 17 (1973) 521.

[5] G. Bergmann, Phys. Rep. 107 (1984) 1.

[6] P.A. Lee, T.V. Ramakrishnan, Rev. Mod. Phys. 57 (1985) 287.

[7] C.C. Tsuei, Phys. Rev. Lett. 57 (1986) 1943.

[8] D.J. Thouless, Phys. Rev. Lett. 39 (1977) 116.

[17] T. Takayama, Z. Phys. 263 (1973) 329.

[18] J. Rammer, A. Schmid, Phys. Rev. B 34 (1986) 1352.

[19] M.Yu. Reizer, A.V. Sergeev, Sov. Phys. JETP 63 (1986) 616,

Zh. Eksp. Teor. Fiz. 90 (1986) 1056 (in Russian).

A.V. Sergeev, M.Yu. Reizer, Int. J. Mod. Phys. B 10 (1996)

635.

[21] D. Belitz, Phys. Rev. B 36 (1987) 2513.

[22] A. Sergeev, V. Mitin, Phys. Rev. B 61 (2000) 6041.

[23] J.J. Lin, C.Y. Wu, Europhys. Lett. 29 (1995) 141.

[24] K.P. Peters, G. Bergmann, J. Phys. Soc. Jpn. 54 (1985) 3478.

[25] J.F. DiTusa, K. Lin, M. Park, M.S. Isaacson, J.M. Parpia, Phys.
Rev. Lett. 68 (1992) 1156.

[26] C.Y. Wu, W.B. Jian, J.J. Lin, Phys. Rev. B 57 (1998) 11232.

[27] C. Kittel, Introduction to Solid State Physics, Wiley, New
York, 1986.

[28] W.L. McMillan, Phys. Rev. 167 (1968) 331.

[29] A.K. Meikap, Y.Y. Chen, J.J. Lin, Phys. Rev. B. 2004, in press.

[30] B.L. Al'tshuler, A.A. Aronov, Sov. Phys. JETP 50 (1979) 968,
Zh. Eksp. Teor. Fiz. 77 (1979) 2028 (in Russian).

[31] M. Kavch, N.F. Mott, J. Phys. C: Solid State Phys. 15 (1982)
L707.

[32] A. Sahnoune, J.O. Strom-Olsen, Phys. Rev. B 29 (1989) 7561.

[33] M.A. Howson, D. Greig, J. Phys. F 16 (1986) 989.

[34] M.A. Howson, J. Phys. F 14 (1984) L25.

[35] J. Kondo, Prog. Theor. Phys. 32 (1964) 37.

[36] A. Abrikosov, L.P. Gorkov, Sov. Phys. JETP 15 (1962) 752,
Zh. Eksp. Teor. Fiz. 42 (1962) 1088 (in Russian).

[37] C. Segal, A. Gladkikh, M. Bosof, H. Behar, M. Witcomb, R.
Rosenbaum, J. Phys.: Condens. Matter 10 (1998) 123.

[38] W. Brenig, M.C. Chang, E. Abrahams, P. Wolfle, Phys. Rev.
B 31 (1985) 7001.

[39] A.l. Larkin, JETP Lett. 31 (1980) 219, Pis’'ma Zh. Eksp. Teor.
Fiz. 31 (1980) 239 (in Russian).

[40] H. Fukuyama, K. Hoshino, J. Phys. Soc. Jpn. 50 (1981) 2131.

[41] D.V. Baxter, R. Richter, M.L. Trudeau, R.W. Cochrane, J.O.
Strom-Olsen, J. Physique 50 (1989) 1673.

[42] B.L. Al'tshuler, A.G. Aronov, M.E. Gershenson, Yu.V.
Sharvin, Sov. Sci. Rev. A 9 (1987) 223.

[43] M.E. Gershenson, Ann. Phys. (Berlin) 8 (1999) 559.

[44] G. Bergmann, W. Wei, Y. Zou, R.M. Mueller, Phys. Rev. B 41
(1990) 7386.

[45] A. Sergeev, V. Mitin, Superlattices Microstruct. 27 (2000) 499;
A. Sergeev, V. Mitin, Europhys. Lett. 51 (2000) 641.



	Weak localization and electron-electron interaction in disordered V80Al20-xFex alloys at low temperature
	Introduction
	Experimental method
	Results and discussion
	Conclusion
	Acknowledgements
	References


