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Scattering times and mean free path in AICuFe quasicrystalline thin films 
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We present magnetoresistivity measurements on AICuFe quasi crystalline thin films from which the 
temperature dependence of the inelastic scattering time (Tie) has been deduced down to 200 mK in the 
low field limit. We show that Tie presents a weak temperature dependence below 4 K (1/ Tie - T O

.
87

) 

which is in close agreement with the theory of Isawa predicting a crossover from a T 3
/

2 to a T regime. 
Saturation effects as well as a possible shift in dimensionality have also been investigated. 

I. INTRODUCTION 

Stable quasicrystals are known to present very unusual 
transport properties l ,2 such as very high-resistivity values 
which depend strongly on the composition and the 
structural quality, a low effective number of carriers and 
a reduced density of states at the Fermi level. I ,3 Among 
those, the very high-resistivity values, rising up to 107 

flO cm at very low temperature in AIPdRe,2 are maybe 
the most striking ones. Moreover there has been consid
erable interest in developing theoretical models for con
duction in quasicrystals. Indeed such resistivity values 
should correspond to unrealistic mean free paths La of a 
fraction of an Angstrom calculated in a classical way for 
metallic alloys; Phillips and Rabe4 first proposed a 
structural model based on two building blocks to explain 
the very high resistivities. On the other hand, Fujiwara 
et al.5 have shown that those values could be attributed 
to very strong anomalies in the density of states assuming 
that La - a few A. Finally Mayou et al. 6 assumed that 
La - 20 A, corresponding to the distance separating 
equivalent sites in the structure, and they proposed that 
the conduction may be due to hopping between those 
sites. However no direct experimental evidence had been 
found so far to support any of those assumptions on the 
value of La. 

Quantum interference theories7
,8 have been found to 

describe very well the magnetic-field dependence (up to 
35 T in pulsed fields) and temperature dependence (up to 
100 K) of the conductivity of both icosahedral phases9,10 

and their approximants. II These measurements gave 
direct information on the inelastic scattering time Tie; the 
analysis of u( T) is consistent with Tie -1 IT2 above 30 K 
and below 30 K a T3/2 behavior has recently been de
duced from the magnetoresistance. 1O However, the 
fitting procedure of both the temperature and magnetic
field dependence may be quite problematic due to the 
presence of a large set of physical parameters: the inelas
tic [Tie( T)] and spin-orbit (Tso) scattering times, the 
electron-electron screening factor (F), the diffusivity (D), 
and the effective Lande factor (g *). Moreover, at low 
temperature, the magnetoresistance is dominated by 
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electron-electron interactions in the high-field limit (see 
below) and it is then very difficult to extract the weak lo
calization parameters [Tie( T), Tso] from the data fits. 
Hence, no value for the inelastic scattering time below 2 
K has been given so far. We present here low- (and 
high-) field measurements of the magneto resistance per
formed on quasi crystalline thin films down to 200 mK. 
From those measurements we get a determination of the 
inelastic-scattering time at very low temperature and 
show that in this temperature range Tie( T) presents a 
weak temperature dependence [1 IT;e( T)- T O

•
87 ]. One 

possible explanation is the presence of a crossover from a 
T3/2 to a T regime as predicted by Isawa for screened 
Coulomb interactions in disordered metals. 12 From the 
crossover temperature, it is then possible to deduce the 
elastic scattering time in our AICuFe quasicrystals. Oth
er effects such as a change in dimensionality related to 
the small thickness of the films or a saturation effect are 
also investigated. 

It has been shown by Lindqvist 13 that in amorphous 
metals it can be much more interesting to use the quan
tum interference theories in the low-field limit (B IT < 1) 
where both the electron-electron interaction (EEl) and 
the weak localization (WL) contributions to the change in 
resistivity p can be written as /1plp=paB2 with 

aEEI=0.056(e 2 147T2h )F(2hD)-1/2(gfLB )2(kT)-3/2 (la) 

and 

(lb) 

where f (t) generally is a complicated function of 
t = Tso/4T;e' but it can be approximated for low enough 
temperatures (t « 1 ) by f (t) - ( 1 196t - 3/2) and 

(2) 

Knowing D, aWL( T) is then directly proportional to 
T;e( T)3/2. 

Such an analysis may however be hard to do since the 
variations of the conductivity are very small in the low
field limit and it is then difficult to extract the a( T) term 
from the data. The preparation of quasicrystalline thin 
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films in the AICuFe system and the fabrication of small 
electrical circuits by photolithography provides samples 
with very high electrical resistance (about 1 kO) which 
can easily be used for such precise measurements. 

II. SAMPLE PREPARATION 

AI, Fe, and Cu layers were sputtered consecutively on 
SrTi03 substrates using a rf magnetron sputtering sys
tem. The most important parameter to control was the 
thickness of the different layers since pure quasicrystal
line samples can only be obtained in a very narrow com
position range around AI62.sCu2sFel2.s' The films were 
subsequently annealed in a quartz tube under high vacu
um (10- 6 Torr). More details about the preparation pro
cedure have been given elsewhere. 14 X-ray-diffraction 
patterns performed on some of the samples confirmed the 
quasicrystalline structure of the films.14 Several films 
3000-A thick were obtained with resistivity varying be
tween 2000 and 3000 flO cm at room temperature. Those 
films also showed a strong negative temperature depen
dence of the resistivity with 1. 5 < p( 4 K)! p( 300 K) < 2 
(see Fig. 1), in good agreement with results previously ob
tained on bulk samples. Small electrical circuits with 
electrical resistance around 1 kO at room temperature 
were fabricated from the thin films using conventional 
photolithography techniques. 

III. EXPERIMENTAL RESULTS 

The magnetic-field dependence of the resistivity was 
measured up to 8 T and between 4.2 K and 200 mK in a 
dilution refrigerator for two samples (sample no. 1: 
P300 K ~ 2000 flO cm and sample no. 2: P300 K ~ 2700 
flO cm). The magnetoresistance was positive, around 8% 
at 200 mK and 8 T, and it was rapidly decreasing with 
temperature (Fig. 2, sample no. 2). This behavior is very 
similar to what has previously been observed in bulk sam
ples. In particular, the magnetoresistance is around 2% 
at 8 T, 4.2 K which is very close to what has been ob
served by Sahnoune et al. 10 on samples of equivalent 
resistivity values (bulk AI63.SCu24.SFeI2' for instance). 
Due to the high electrical resistance of the circuits we 
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FIG. 1. Temperature dependence of the resistivity of AlCuFe 

quasicrystalline thin films, sample no. 1, P300 K ~ 2000 flO cm; 
and sample no. 2, P300 K ~ 2700 flO cm. 
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FIG. 2. Magnetoresistance (MR) of an AlCuFe quasi crystal

line thin film; lines are guides for the eye. In the inset MR as a 
function of B2 in the low-field limit. The solid lines are linear 
fits using equation I:1p/p=pa( TlB2. 

were able to make high preCISIOn measurements from 
which it was easy to extract a B2 behavior in the low-field 
limit (inset, Fig. 2, sample no. 2). 

It is thus possible to get Tie( T) from a( T) using Eqs. 
(la), (lb), and (2) assuming that the condition t« 1 is 
satisfied. The value of the diffusivity D can be estimated 
using the Einstein equation for the Boltzmann conduc
tivity a-B =e 2N(EF lD. Despite very strong variations of 
the conductivity, it has been observed that the density of 
states at the Fermi level (deduced from specific-heat mea
surements 1.3) is almost constant in all the measured sam
ples: N(EF)~0.14-0.15 st/eV at. On the other hand, 
we assumed that all the interference effects are destroyed 
at 300 K and that a-B is close to a-( 300 K) and we get 
D=0.29 cm2/s for sample no. 2 and D=0.37 cm2/s for 
sample no. 1. The calculated values of Tie( T) deduced 
from aWL( T)=a( T)~aEEI( T) are represented in Fig. 3 
for both samples. In this temperature range our data are 
consistent with a power-law variation 1 /Tie( T) = kTo. 87 

for both samples with k = 4.5 X 1010 for sample 1 and 
k = 1. 8 X 1010 for sample 2. Note that in this tempera-
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FIG. 3. Temperature dependence of the inelastic scattering 
time of quasicrystalline thin films calculated using Eqs. (1) and 
(2), see text. (a) and (b) Solid lines represent the values expected 
for electron-electron interactions in 2D for a < LT (a) and 
LT < a < Lie (b), see text. 
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ture range, Tie( T) > 10 ps and by taking Tso = 2 ps (Ref. 10) 
we have t = Tso /4Tie( T) < io showing that our assumption 
of t « 1 was correct. 

IV. DISCUSSION 

Generally speaking Tie( T) can be described by a com
bination of a saturation term (AD), electron-electron 
scattering (Tee), and electron-phonon (Tep) scattering 
times: 

(3) 

The temperature dependence of those inelastic scattering 
times has been investigated by several groups who pre
dicted I IT~-rP with 2 <p <4 for electron-phonon interac
tions ls and p =t or 2 for electron-electron interac
tions. 16,17 An exponent p ~ 2 has been deduced from the 
temperature dependence of the conductivity of AICuFe 
quasicrystals above 50 K,9 and p ~ t has recently been 
obtained from the analysis of the magneto conductivity 
between 2 and 30 K by Sahnoune et al.1O in agreement 
with those theories. 

However Isawa lz suggested that a T 3
/

2 as well as a T 
term should be observed in the temperature dependence 
of 1/Tee with a crossover between those two regimes at 
some temperature Tc given by 

(4) 

where TO is the elastic scattering time. This qualitative 
behavior is in good agreement with the low-temperature 
dependence of 1/Tie deduced from our experiments and 
the previous higher-temperature data obtained by Sah
noune et al. 10 [Fig. 4 for sample no. 2 and bulk 
AI63.sCuz4.sFe12 (Ref. 11) which present very close resis
tivity values ~ 2700 /-to cm at room temperature and 
similar magnetoresistivity curves at 4.2 KJ. In this case 
the crossover temperature would be around 4 K leading 
to an elastic scattering time of To~4X 10- 13 s and an 
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FIG. 4. Temperature dependence of l/Tie between 200 mK 

and 30 K (solid circles, our data; open circles, data from Ref. 
11). The solid lines are (a) 1.9XlOlO To. s7 and (b) 1.0XlOlO 

T1.47, the dashed line is a fit to a A o + A I T1.5 law. 

elastic mean free path of Lo=(DTo)I/2~20±5 A. Ap
plying this theory here, the experimental determination 
of the elastic mean free path in quasicrystals appears to 
be quite large and is in support of the model recently 
presented by Mayou et al.6 to describe the unusual prop
erties of quasicrystals. A very important feature here is 
that this value of Lo is not related to the presence of de
fects in the samples but is directly related to structural 
characteristics of the quasicrystal. Indeed, it has been 
shown that the structure consists of clusters separated by 
about 30 A built by embedded shells and a model based 
on such hierarchy of clusters has actually been developed 
by Janot et al. 18 to describe in a general way the physical 
properties of quasicrystals. 

In the theory of Isawa, the inelastic scattering time can 
be written as 

T12= AT3
/

2 +BT (5) 

with A = 3.2(h TO)I/2k 3 /2 I(EFTO)2 and B = 1. 3kh I 

(EFTO)2 where EF is the Fermi energy and k the 
Boltzmann constant. These values are equal to the exper
imental ones for EFTOlh ~7 or taking TO= 10- 13 s for 
E F ~ 50 me V. This surprisingly small value of E F can 
however be related to the very peculiar band structure of 
the quasicrystalline structure. 19 Moreover a comparable 
value of E F ~ 100 me V has been estimated by Pierce 
et al. 20 from thermopower measurements in agreement 
with the value of the density of carriers inferred from 
Hall measurements. 

An alternative explanation of the results would be to 
consider our temperature dependence as an approxima
tion of a more complex behavior over this temperature 
range indicating that the inelastic scattering time is actu
ally saturating as T tends towards zero. The dashed ljne 
in Fig. 4 presents a fit to a Ao + A I T 3

/
2 law of the data. 

This fit gives a saturation value of Tie( 0) ~ 200 ps; such 
saturation could be attributed to (i) decoupling of the 
electron gas from the thermal bath at very low tempera
ture, (ii) spin-flip scattering of conduction electrons off 
magnetic impurities (a few ppm of magnetic impurities 
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FIG. 5. (t:.p/p)(T)-l12 as a function of (B/T)l!2 showing a 
universal curve characteristic of electron-electron interaction 
effects. 
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can significantly reduce the effect of localization leading 
to a saturation), or (iii) zero-point motion of the scatter
ing centers. 

Finally, because the films are thin (- 3000 A) the re
sults could also suggest a shift in dimensionality from a 
three-dimensional (3D) to a 2D regime. In 2D, 1/7ee is 
usually expected to show a logarithmic singularity 
I 17ee - T InT.2' However, Altschuler et alY have 
shown that this singularity can be wiped out for very thin 
films [a «LT=(hDlkT)1/2, where a is the thickness of 
the film and LT is the thermal coherence length] and they 
get the following expressions for 1 17ee: 

1I7ee =In( C)/2CkT Ih with C=1TaaBh le 2 

for a <LT (6a) 

and 

1 hee =In( CDh IkTa 2)/4CkT Ih 

for LT<a <Lie=(D7ie)1/2. (6b) 

In our case, at 0.2 K, L T -400 A and the dephasing 
length Lie -900 A are getting close to the thickness of 
the film and some effects related in particular to the 
granularity of the films could be expected (a scanning 
electronic microscopy analysis revealed that the films 
consist mainly of grains ranging from about 500 to 
5000 A in diameter). For a = 500 A and a B = 370 
(ncm)-I both Eqs. (6a) and (6b) give values which are 
quite close to the experimental data (see Fig. 3). Note 
however that in the high-field limit the magnetoresistance 
is proportional to vB down to the lowest temperature 
(straight line on Fig. 5) which is a typical 3D behavior 
and hence the 2D aspect is probably not dominant here. 

Figure 5 actually presents a plot of (/1p I p )( T) -1/2 as a 
function of (B IT)1/2 for all our temperatures from 4.2 K 
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