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CONDUCTANCE FLUCTUATIONS IN A MACROSCOPIC 3-DIMENSIONAL ANDERSON IN-
SULATOR

Marc SANQUER

SPSRM, CEN-Saclay, 91191 Gif-sur-Yvette Cedex, France

We report magnetoconductance experiment on a amorphous YT - S»i-r alloy (x ~ 0.3) which

is an Anderson insulator where spin-orbit scattering is strong. Two principal and new features

emerge from the data: the first one is an halving of the localization length by the application of
a magnetic field of about 2.5 Teslas. This effect is predicted by a new approach of transport in
Anderson insulators where basic symetry considerations are the most important ingredient. The

second one is the observation of reproducible conductance fluctuations at very low temperature in
this macroscopic 3D amorphous material.

1. INTRODUCTION

Intensive studies in disordered conductors have demon-

strated the role of two symmetries i.e. the time reversal

symmetry (TRS) and the spin rotation symmetry (SRS) on
quantum corrections to the conductance. The magnetocon-

ductance (MC) is positive in conductors where the length

associated to spin orbit scattering Lgo is large compared to

the phase-breaking length Lt = \JDr,n (D is the diffusion
constant and r,n the inelastic mean free time), reflecting the
breaking of TRS by the magnetic field in the case where SRS

exists. On the contrary the MC is negative in system where

SRS does not exist or equivalently Lso < £«- Amorphous

Yt — Si\ _r alloys, which are conductors for instance if z large,
are in this latter case (1).

But when one decreases the conductivity in this série,

for instance by decreasing z, one reaches the Metal-Insulator

transition and a strong positive Magnetoresistance appears
which grows as the samples become more and more insulating
(1). We are now able to describe this fact very simply.

2. HALVING OF THE LOCALIZATION LENGTH BY A

MAGNETIC FIELD
A random matrix theory, first developped to describe

the quantum conductance in the diffusive metallic regime has

been recently successfully extended in the insulating regime
(2)(3). It predicts a very simple result based essentially on
symmetry considerations, i.e. an halving (resp. a doubling)

of the localization length (. when a sufficient magnetic field

has destroyed the TRS if there is no SRS (resp.: there is

SRS). This effect should overrange any other contribution to
the MC in the variable range hopping regime: in fact between
T = IK and T = 0.1 A', our sample obeys to (4):

ln(<r(T)) ~ exp - (|?)'/4 where 7i ~ ̂

We predict (2) then that TO should increase by a. factor 8
with the magnetic field (and the slope T,,1'* by a factor 23/<)

and saturate when TRS is completely broken! This is indeed

observed on Figure 1 and corresponds to a very large positive

magneto-resistance at low temperature.

3. CONDUCTANCE FLUCTUATIONS AT VERY LOW T

Below T = 0.1A' strong I-V non-linearities appears even

for voltages as low as few fiV across the sample and for the
lowest measurement currents the temperature dependence of
log(ft) becomes faster than T~'/4 as attempted if the pseudo-

gap due to electron-electron interactions becomes larger than

fcfiT(4). Because the I-V non-linearities there is no direct way

to detect the halving of (, below T = O.IK. But the most re-
markable feature of the MC curve at the lowest temperature

(T = 0.026A') and lowest injection current (/ = 0.3nA) is

the existence of sample specific (for instance dependent on a

thermal cycling to room temperature) reproducible conduc-
tance fluctuations (CF). We emphasize that the sample size

is 1.5 x 0.8 x 0.002mm3 in contrast to the mesoscopic regime

where universal conductance fluctuations are seen in conduc-

tors. Others groups (5) (6) also report recently the observa
lion of similar CF in macroscopic 2-dimensional dielectrics,
but we present here the first result in a 3-dimensional amor-

phous material.

A detailed theory of CF in dielectrics is still lacking spe-
cially for describing their amplitude. At T = Of.' neverthe-

less a general relation holds (7): var(ln(ig)) ~ -In < g > .
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FIGURE 1

Log(A) as a function fo T"1/4 for 3 magnetic fields. Above

T = O.IK the change in the slope corresponds to an halving
of the localization length when the time reversal symmetry is
broken (an effect which is almost complete for H ~ 2.5T).
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FIGURE 2

Reproducible conductance fluctuations in our macroscopic

Anderson insulator. The two curves correspond respectively
to measurement currents of 0.3 and In/t.

Thus, fluctuations increase when the average conductance de-

creases, a tendency observable on Figure 2. We think also in-

teresting to note that the correlation field for CF seems to be

comparable with the field necessary to break the time-reversal

symmetry (ff ~2.5T).

CONCLUSION
New advances in understanding the MC in Anderson

insulators are well illustrated by our data. We are able to
understand the strong positive magnetoresistance of our di-
electrics (with S-O coupling) from simple symmetry consider-

ations. OD the other hand we demonstrate that conductance

fluctuations are not at all restricted to mesoacopic geometries

but concern also large 3-dimensional dielectrics at very low

temperatures.
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