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MagnetoresistancéMR) ratios R(B,T)/R(0,T) have been measured in amsulating three-dimensional
amorphous nickel-silicon film that exhibits the Mott variable-range hopp#RH) law in its zero-field resis-
tance behavior. Surprisingly, the resistance displaye@easein small fields; only in moderately strong
magnetic fields did the resistance exhiblagge increaseover its zero-field value. These results are described
by a phenomenological empirical model of two hopping processes acting simultaneously—the orbital magne-
toconductance(forward-interference model yielding negative magnetoresistances and the wave-function
shrinkage model contributing positive magnetoresistances. The fits use numerical values for estimating the
R(B,T)/R(0,T) ratios, based upon the wave-function shrinkage model. The model includes three fitting pa-
rameters, whose magnitudes are extracted from the MR ratio dafa=40.5 K. Agreement between the
predicted and measured data is acceptable at high temperatures. A crossover of the conductivity to an Efros-
Shklovskii (ES) variable-range hopping law is observed arodnd6 K. At lower temperatures for this ES
case, predicted values for tigB, T)/R(0,T) ratios are fitted to the data. For a secovehkly insulatingilm,
which also exhibits a Mott VRH law in its resistance, the negative magnetoresistance contribution is greatly

depressed.
DOI: 10.1103/PhysRevB.63.094426 PACS nuni®er75.70.Pa, 72.80.Ng, 72.20.My
I. INTRODUCTION challenging. If the film is too insulating and has too large a

Mott temperatureTy,, then the crossover to the Efros-
The resistance oinsulating films often follows a Mott  Shklovskii hopping law will take place between liquid-
variable-range  hopping (VRH) law below room nitrogen and liquid-helium temperatures. In the liquid-
temperaturé. The Mott VRH law is based upon a constant nitrogen temperature region, magnetoresistandéR)
density of states around the Fermi energy. In the liquidmeasurements are generally difficult to perform owing to
helium temperature region, a crossover of the resistance frolgmperature drifts. If the film is weakly insulating and has
the Mott VRH law to an Efros-ShklovskiES) VRH behav- 155 small a Mott temperature, then the theories predict such
ior is commonly observefiThe ES VRH law arises flom emall magnitudes in the liquid-helium temperature region

Coulomb repulsion, where the density of states is predicteg1at the measurements must be performed in the mK tem-

to Van.'Sh quadratically very cIos_e to the Fermi enetgy. erature region in order to observe reasonable magnitudes of
Sometimes even a stronger activated temperature depeffh-

. ; . . » e MR.

de”f}’? IS obserV(_ad in the resistance, arising from the SO There has been published some excellent MR data in the
gap” in the density of statebAt high temperatures, there is . . .
sufficient phonon energy to promote hops between occupie’éfIOtt YRH law regime. In Some cases, no theoretical f|t-s
states located sufficiently below the Fermi energy to unoccu?€"® included. In other cases, fits were presented employing
pied states located sufficiently above the Fermi energy. Thudnodels that we feel are incorrect or incomplete. Benzaquen,
the hopping electron samples mainly the states described BQ/aIsh, ?‘”d Mazuruk pr_esented clear expenmgntal evidence
the “Mott” constant density of states and ignores the state$f Negative magnetoresistanfle(B, T)/R(0,T)ratios<1} at
in the “Coulomb gap.” At much lower temperatures where Small ~ fields and then positive magnetoresistance
the phonon energy is very small, the hopping electron igR(B,T)/R(0,T)ratios>1} at higher fields in 3Dn-type
forced to sample states described by the ES quadratic densi§gaAs epitaxial layer8 Biskupski then reconfirmed the initial
of states very close to the Fermi energy. Owing to the relanegative magnetoresistance behavior at low magnetic fields
tively few available states, the resistance displays a strongénd the positive behavior in higher fields for a lightly doped
exponential temperature dependence, known as the Efrosample of CdAs’ Similar results have been reported by
Shklovskii variable-range hopping law. Agrinskaya and co-workers on doped CdTe crystdi&e-

Recently, numerical predictions have been made for theently, extensive measurements have been madeuasi-
resistance behavior in large magnetic fields, provided that therystallinesamples, some of which exhibitsulatingbehav-
zero-field resistance can be described by a general VR#®r. For example, Wang and co-workers observed MR ratios
law® Experimentally, fabricating an appropriate three-R(B,T)/R(0,T)<1 in small fields and ratios>1 in larger
dimensional3D) film for testing the numerical predictions is fields for two quasicrystalline samples that displayed Mott
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VRH laws in their zero-field resistance behavibi! Again  the ES VRH case. Typical magnitudes for the characteristic
this MR behavior is very similar to that observed in field B; range from 1 to 20 T, and thus the small-field range
amorphous-insulating and semiconductor-insulating samplesies much below 1 T. Recalling that the typical “magnetic
In contrast, Dai, Friedman, and Sarachik observed only posfield length” is given byx=(%/eB)Y? this characteristic
tive magnetoresistance behavior and were puzzled by the afield B. corresponds to a characteristic length that is of the
sence of any negative magnetoresistance in small fields isame order as the localization or Bohr radius lengtftn)
their doped silicone samplé$We now present a phenom- For high fields, Shklovskii and Efros suggest the following
enological model that can explain the majority of these dataxpression, again for the Mott VRH caSe:
over a broad range of magnetic fields and temperatures.

R(B,T)~Ruo,s €xH (€85/6%1)"(Tyon/ T) "B, (3)

Il. THE WAVE-FUNCTION SHRINKAGE MODEL Here Ryq g is the prefactor, different from the zero-field

3D samples exhibit resistances that follow the Mott VRHIS on the order of hundreds of Tesla(c) For the interval of

law in zero magnetic fiefd intermediate and large fields wheBe=B_, there are no ana-
Iytical predictions for theR(B,T)/R(0,T) ratio. Here we
R(O,T)=RMomoexp(TMott/T)l"‘, (1) strongly rely on a procedure described by Schoepe in Ref.

18, where values for the percolation paramétegroptimum

whereRy, o is the prefactorT . is the characteristic Mott . e : .
temperature that can be determined from the zero-field resislj-Opplng probability parameein moderately strong fields

tance data using the= —d In R/dIn T method of Zabrodskii geeggﬁzltaetetggoggnzslzin\éﬁH (;]E;se.ir'll'he\z/gllli;ﬂcugrg[]onbdle;n 'S
and Zinov'evat® this method also yields a value for the hop- . . P g hopping wearou

: . donor site, which gradually changes from an isotropic sphere
ping exponent s. According to theory, Ty

T 3 ) ) at small fields to a double paraboloid in large fields. Schoepe
=18.1/ksgoa), whereg, is the constant Mott density of - oo 'yhe yolume expression suggested by loseléVittRe-
states an@, is the Bohr radius or localization lengtif.Note

hat this localization | hi d to di infini cently, numerical calculations have been summarized in
et i ocalzalon el s Expected o v 1o W tabls or he Mot ES, and "Soft:gap” VRH caseor e

- . Mott VRH case, values for the normalized percolation pa-
below. Thus,Ty.w— 0 K just below the MIT. For the Mott P P

del to b id. th . hopoing di rameteré (B)/£.(0) can be read off from Fig. 1 as a func-
model to be valid, the optimum hopping distantg must i, of the normalized magnetic fieB/B, and inserted into
be greater than the localization lengih (or Bohr radiug.

I ; . . (4) below t timat | f&r(B,T)/R(0,T).
This implies that the measurement temperatures must satlsl’:yq (4) below to estimate values f&(B,T)/R(0.T)
this relation-T<Tygy since R(B,T)/R(0,T)=exp{(Twon/ T) " £:(B)/£:(0) — 11},
4

I opt™ (3/8) aO(TMott/T)lm- . . . L
where R(0,T), the resistance in zero field, is given by Eq.
Strong positive increases of the resistance with applicac1). ¢.(0) is defined asé(0)=(To/T)S=(Tyo/T)Y* for
tion of a magnetic field had been predicted originally bythe Mott case. There is one free fitting paramég(T), the
Tokumoto, Mansfield, and Led,and by Shklovskii®*®and  normalizing characteristic field that must be extracted from

elaborated by Shklovskii and Efrdsusing the wave- one set of MR ratio data points. But sin&(T) has the
function shrinkage model. Numerical calculations for pre-following temperature dependenté:

dicting theR(B, T)/R(0,T) ratios for small and intermediate

magnetic fields for the case of the Efros-Shklovskii VRH law  B(T)=6#/[ea5¢c(0)]=(64)(T/Tyow) *¥(e85), (5)

had been made by Schoef5éThe application of a magnetic )

field decreases the overlap probability between two siteBc(T) can also be estimated at all other temperature mea-

thus resulting in an increase of the resistance with field. ~Surément points once it is determined at one known tempera-
We now summarize the positive MR ratio predictions of ture: o , _ .

the wave-function shrinkage model for the case when the In the limit _of 2smaII fields, the numerical calculations

resistance exhibits a Mott VRH law.(2) For very small  Yiéld & quadrati®” dependence for th(B,T)/R(0,T) ra-

magnetic fields, Shklovskii and Efros found this expressiorfl®; and in the very high-field limit, the logarithm of the ratio

for the MR ratio for the case of the Mott 3D VRH: tends to &B'° dependence.
R(B,T)/R(0,T)~exd t;(€?ay/%?)(Tyor/T)¥*B?]. (2)  1Il. THE ORBITAL MAGNETOCONDUCTIVITY THEORY
Here, t; is predicted to be;~5/2016=0.00248; andh, is The orbital magnetoconductiviMC) theory or forward-

the Bohr radius, approximately equal to the localizationinterference theory predicts smatiegative magnetoresis-
length.R(0,T) is the resistance in zero field at temperaflire tances. This model takes into account fbeward interfer-
given by Eq.(1). The applied field is “small” comparedto  ence among random paths in the hopping process. Nguyen,
a characteristic field B, if B<B..'® Here B,  Spivak, and ShklovskiiNS9%*?! considered the effect of
=6ﬁ/[ea§(T0/T)S], whereT, is the characteristic tempera- interference among the various paths associated with the
ture given by the Mott or ES temperatures anid the hop- hopping between two sites spaced at a distance equal to the
ping exponent, equal thfor the Mott VRH case and tdfor  optimum hopping distance,,. NSS found that the interfer-
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FIG. 1. The normalized percolation parameter
(optimum  hopping probability parameter
&:(B)/£.(0) as a function of normalized mag-
netic field for the case when the resistance fol-
lows a Mott VRH law. Values for the magnetore-
sistance ratioR(B,T)/R(0,T) can be estimated
using this curve and Ed4).

EBYE(0)

4.0

ence between all possible paths within a cigar-shaped&reaaged logarithmic terms that contain overlap integrals. The

of lengthr,, and width @qr o9 Y2 will change the hopping magnitudes of these two overlap integrals determine the sign

probability between two sites. Averaging numerically theof the MC, which is predicted to be positive. Again, we are

logarithm of the conductivity over many random impurity not aware of an intuitive simple picture that can predict the

realizations, they obtained under most conditions a negativsign of the MC to be positive.

MR (positive MC that is linear in magnetic field We approximate the orbital MC contribution by the fol-
Sivan, Entin-Wohlman, and Imr¢SE-WI) expanded the lowing expression:

NSS model by using a critical percolating resistor method

rather than the logarithmic averaging metf8dheir calcu- o(B,T)/o(0,T)=1+4Ceof B/Bso( T)]/[1+B/Bga(T)].

lated MC is alwaygositivefor strong fields and is predicted (7)

to saturate at sufficiently large fields. The field at which

saturation starts to occUB. iS given by this approximate EQ. (7) saturates at high fields to a value of{&s.) and
formula: yields a linear dependence up@ at intermediate fields.

Herecg, is a temperature-independent fitting parameter. In-
BsaF0-7(h/e)(8/3)3/2(1/33)(T/TMott)3/8- (6) verting Eq. (7), we obtain for the orbital contribution to
R(B,T)/R(0,T)
For this case, the saturation fieRL,e< T%®8, and thus the
MC saturates at smaller fields as the temperature is loweredR(B,T)/R(0,T) =11+ Cgof B/Bgaf T) /[ 1+ B/Bg(T)1}.
For small magnetic fields, the SE-WI model predicts a 8
guadratic magnetic field dependence of the MC, but the mag- i
nitudes are extremely small and difficult to observe experitOF the case of a small/Bg,ratio and a small prefacta,,
mentally in most case?.

There is no simple “hand-waving” argument to explain R(B,T)/R(0,T)~1~CssB/Bgar- (€)
the positive sign of the MC. Numerical calculations by the
various theoretical groups show that the MCpissitive in We now make the assumption that the resistive contribu-

almost all cases. Thiforward-interferencemodel considers tions from both the wave-function shrinkage theory and the
a hopping path either between an occupied donor to anrbital magnetoconductance theory can be added, based
empty donor or an alternative second hopping path that intpon the behavior of our MR data. Many experimental
cludes a scattering event off a third donor. The two hoppingiroups have used this assumption, since “acceptable” fits to
paths generate a triangle of a®aThe location of this third  the low-field data can be obtaind A more rigorous theory
donor is random, and Raikh and co-workéré describe its  is certainly needed, which would probably consider a hop-
location by a distribution function. When an external field isping probability that is composed of these two processes
applied, an additional phase factor results from the magnetiacting simultaneousl§’. Thus, in our phenomenological em-
flux cutting this area. By averaging over all different areaspirical model, the final expression for the magnetoresistance
resulting from the random location of the third donor, Raikhratio R(B,T)/R(0,T) takes this form:

presents a convincing mathematical argument that the MC is

positive?® Alternatively, Schirmacher and co-workers argue R(B,T)/R(0,T)~exp{£.(0)[ £&(B)/£(0)— 1]} + 141

that there is a particular area or spatial region called the

“interference hole.”?>?%? |nside this hole no destructive +Coaf B/Bso( T)1/[1+B/Bso T) ]} 1,
interference can occur. This hole produces Aharonov-Bohm- (10)

like oscillations upon application of a magnetic field, result-

ing in an initial positive MC. And lastly, Shklovskii and wherecgy, Bgsa(T), andB.(T) are three fitting parameters.
Spivak® argue that the resistance is dependent upon aveffhe last term—1, is needed to assure that the ratio has the
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1000 ¢

100 | o Resistivity Data: Film #12
. Mott VRH Law FIG. 2. A Mott VRH law fitted
- - - ESVRH Law to the zero-field resistivity of an

amorphous NiSi; _, film No. 12
of series No. 540. There is a
crossover to an Efros-Shklovskii
hopping law below 6 K. The Mott
temperature is sizable, Ty
=27610K, making this film
strongly insulating; also, Tgg
=138K.

p(Qem)

01k

1 10 100 1000
T(K)

correct limit whenB—0, namely thatR(B,T)/R(0,T)—1. value of the Mott characteristic temperaturd
Recall thatBg,(T)* T8 andB(T)* T4 andce,should be =27610K.

independent of temperature. Below 7 K there is a clear crossover to the ES VRH law,
and the ES VRH law is well behaved below 3 K, as observed
IV. COMPARISON BETWEEN EXPERIMENTAL AND in Fig. 2. Belav 3 K the zero-field resistivity can be de-
NUMERICAL RESULTS FOR AN INSULATING scribed by the ES VRH law, where p(0,T)
MOTT FILM =0.0537 exp(138)°*%in Q cm; hereTgs=138K.

We now compare the numerical calculations to the MR In Fig. 3, the MR ratio data taken in the Mott VRH region

ratio data taken on an insulating 2000 A amorphoushi , are shown with the fit_s pf Eq10) using the empirical model.
film, No. 12 of series No. 540. Values for the hopping Valués for the fiting parameters arecg,=0.075,
exponents=0.252 and for the Mott characteristic tempera- Bsa(10.5K)=4 T andB(10.5K)=66.6 T, Tyey=27 610K
ture Tyou=27 610K were obtained using the method @nd s=0.25. At T=8.4K, Bgy was scaled down tdBgy
described by Zabrodskii and Zinovievd.The zero-field =3.7 T according to its theoretica®® dependencese, was
resistivity data and the Mott VRH fit, wherg(0,T) kept at this temperature-independent value of 0.075,Bnd
=0.00139 exp(27 61T)%?%2 in O cm, are shown in Fig. 2 was scaled down t8,(8.4 K)=63.0 T according to its the-
and agreement is excellent down to 7 K. Moreover, we noteretical T** dependence. The agreement is acceptable. A
that for the Mott VRH model to be valid, the optimum hop- value of 29 A for the Bohr radiuflocalization length was
ping distance ro,(T) must satisfy the criterion that obtained using Eq5). Unfortunately, there was insufficient
ropt(T)/aO%O.375(FMOn/T)1’4> 1. This criterion is well sat- user’s time at the National High Magnetic Field Laboratory
isfied in the temperature region of interest, owing to the large¢o extend measurements above 10.5 K.

13 [
= R(B)/R(0) Dataat T=8.4K
. .
[ & RBYRE)DataatT-105K . . ‘,f’
12 | ... Empirical Mott Model Fit at T=8.4 K . FIG. 3. The magnetoresistance ratios
I . N2 A R(B,T)/R(0,T) measured at temperatures where
R — Empirical Mott Model Fitat T=10.5K . the Mott VRH law describes the resistivity be-
% ’ havior of film No. 12. Notice thenegativemag-
) netoresistance behavitatios <1) for fields less
= than 12 T. The lines are fits using the empirical
model consisting of contributions from the orbital
magnetoconductivity model and from the wave-
function shrinkage model. Both models assume
Mott VRH. See text for fitting details.
0.9 .
0 5 10 15 20 25 30
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L4 L FIG. 4. The normalized percolation parameter

(optimum  hopping probability paramejer

gy £.(B)/£,(0) as a function of normalized mag-
g 110 £ netic field for the case when the resistance fol-
= o8 | lows a ES VRH law. Values for the magnetore-

' sistance ratioR(B,T)/R(0,T) can be estimated

106 ¢ using this curve and Eq4), in which Ty is

104 [ replaced byTgg and the Mott exponent of 1/4 is

oa b replaced by the ES exponent of 1/2.

100 e e

00 02 04 06 08 10 12 14 16 18 20 22
B/B,

At liquid-helium temperatures, one must recall that there=R(B,T)/R(0,T) is observed around 25 T followed by a
is a crossover to the ES VRH hopping law. A&=1.65K, “turnover” to smaller values. This behavior is not expected
this film is already in the ES hopping regime. The Mott fit theoretically, since Shklovskii and Efros predict a weak in-
is completely unacceptable as illustrated in Fig. 6 by thecreasing behavior, where Inf)=B® for the ES case, and
dotted line, a result that is not surprising. where In¢)«B for the Mott case.’ The numerical calcula-

However, if one uses the numerical calculations for thetions also confirm this behavidrOne other group has ob-
wave shrinkage model based upon the Coulomb(gafeS  served a similar behavior in an insulating quasicrystalline
quadratic density of states, then the fit is much better. Againsample?® This “saturation” behavior strongly suggests that
we use Eq(10) with Ty, replaced byTes, and we set the a new conduction process starts to dominate at high fields.
hopping exponerg to the value of; rather tharg. Values for ~ We speculate that the “modified” density-of-states model
the normalized percolation parametg(B)/£.(0) are taken  proposed by Raikh and co-workers for two-dimensional elec-
from Fig. 4 or from the ES table appearing in Ref. 5. Thetron systems might also apply to these three-dimensional
characteristic fieldB, now takes on the T/Tgd? depen-  system€2* These authors refer to their model as the “in-
dence rather than thél(Ty,.) Y4 dependence, anBls;;now  coherent mechanism.” Their model predicts ianreaseof
follows an (T/Tz9®* temperature dependence rather thanthe density of states at the Fermi level with application of a
the (T/Tyon)>® dependence. As seen in Fig. 5, the solid linemagnetic field. For the Mott VRH case, the characteristic
does agree with the low-field MR ratio data B&=3.25K  Mott temperature scales inversely with the density of states;
below 12 T. At high fields of 30 T, the ES calculations henceTy+(B) shoulddecrease. Since the Mott temperature
predict ratios on the order of 3.8, as compared to the experappears in the argument of the exponential function of Eq.
mental values of 2.7. The characteristic fi@ldwas fixed at  (10), this decreasing dependenceTf,; might be respon-
B.=13T and scaled aT=1.65K according toT¥2 The sible for the saturation and turnover of the MR ratio data. We
calculations are shown by the solid line in Fig. 6 and agreehave not tried to include this correction, since four additional
ment is fair. fitting parameters are involved. For the ES ca3gg

The ratio behavior aT = 1.65 K with high fields in Fig. 6 =7.27%%/(kgka,) does not depend upon the density of states
is very anomalous and surprising. A saturation of and it is not clear ifTgs has a magnetic field dependerice.

2.8
26 [ = R(B)/R(0) Dataat T=3.25K .

Mr — Empirical ES Model Fit at T=325 K ]
" FIG. 5. The magnetoresistance ratios
R(B,T)/R(0,T) measured af=3.25K, where
the ES VRH law is observed in the resistance of
film No. 12. The fit uses the ES VRH expressions
and parameters extracted from the low-
temperature data of Fig. 2. The agreement below
B=12T is quite acceptable.

R(B)/R(0)

0.8

B(T)
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FIG. 6. Magnetoresistance ratios
R(B,T)/R(0,T) taken atT=1.65K, where the
resistance of film No. 12 exhibits an Efros-
Shklovskii VRH law in its resistance. The Mott
expressions give an unacceptable fit to the data.
The ES parameters give a much improved fit, but
there are still bad deviations between theory and
data aboveB=15T that are not currently under-
stood. A possible explanation for the saturation
and turnover behavior abo\®=20T is given in
the text.

V. COMPARISON BETWEEN EXPERIMENTAL AND
NUMERICAL RESULTS FOR A BARELY INSULATING
MOTT FILM

als are currently not well understood, and one might question
whether the absence of the negative MR behavior in low
fields is a special property of quasicrystals. Our viewpoint is
the transport properties of quasicrystals are very similar to

that exhibit insulating Mott VRH behavior in their resis- th0Se of amorphous samples. To check this point, we se-
tances. Very surprisingly, these tvisulating samplesdid ~ lected aweakly insulatingamorphous NiSi;  film whose

not exhibit ratios smaller than (that is, no positive MC was resistivity closely followed a Mott VRH law,p(0,T)
present; yet the Mott VRH law described the resistance be-=0.00889 exp(1140)°?**in ( cm. This small Mott tem-
havior nicely. This behavior is similar to the positive mag- perature of Tyoy=1140K should be contrasted with the
netoresistance results of Dai, Friedman, and SaraéHhilor ~ much larger value of 27 610 K associated with film No. 12
this special situation¢e,=0; then Eq.(10) reduces to the studied earlier. The MR ratios appearing in Fig. 7 clearly
simple form of Eq.(4), where the wave-function shrinkage show a minutely small negative MR contribution. The domi-
theory dominates at all fields. It appears that the positivenating contribution from the wave-function shrinkage pro-

We have recently measured twgquasicrystallinefilms

magnetoconductivity isbsentor highly depresseth barely

cess is present over the entire magnetic-field range. The fit-

insulating quasicrystalline samplé&!! For samples having ting parameters aff=4.22K took on these valuex,

very small valuesf the Mott characteristic temperatufgy,

=0.0025,B.,=1 T, B,=22 T, andTyz= 1140 K. Note the

or equivalently, weakly insulating samples having a smallextremely small magnitude af.,;.

R(4.2 K)/R(300K) ratio of 10 or less, the negative magne-
toresistance contribution is not observed experimentally. We
refer to the beautiful MR data of Wang and co-workers taken
on fourinsulating quasicrystallinédQC) samples located be-

VI. DISCUSSION

low the metal-insulator transition, which demonstrate the ab- Why is there the absence of thegativeMR as the metal-
sence of thgositivemagnetoconductivity as the QC samplesinsulator transition is approached from below? There are two

approach the metal-insulator transition from befé*

possibilities:(a) either the orbital magnetoconductivity pro-

The transport mechanisms in the quasicrystalline materieess is depressed as the MIT is approachedb)oa second

1.040

1.035 + R(B)/R(0) Data at T=4.22K

1030 [

~— Empirical Mott Model Fit at T =4.22K

1025 |

1.020 |

R(B)R(0)

1015 |
1010 [

1.005 |

1.000 ¢¢

0.995 L~ s i L . .
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FIG. 7. Magnetoresistance ratios
R(B,T)/R(0,T) for a weakly insulating Mott
amorphous NiSi; _, film No. 18. This film has a
small Mott temperature of .= 1140 K, locat-
ing this film slightly below the metal-insulator
transition(MIT). Notice thealmost complete ab-
senceof the negativeMR contribution at small
fields, using the enlarged scale of the vertical
axis. A possible explanation for the absence of
the negative MR is presented in the text.
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process becomes activated as the MIT is approached, whidlve magnetoconductance imeakly insulatingsamples lo-
partially or totally cancels the orbital magnetoconductivity cated just below the MIT. Recall that the weak localization
contribution. or back-scattering interference process is presentétallic
The orbital magnetoconductivity process is valid only for fiims and involves the constructive interference of two plane
strongly insulatingfilms, and its validity is not known for \waves at the initial site. These wave functions undergo many
weakly insulatingfilms located just below the MI thousands of elastic-scattering events before returning to the
We speculate that the orbital magnetoconductivity procesgitial site and interfering® But this process shouldot be
is still operational just below the metal-insulator trz?msition,Operaﬁve instrongly insulatingfilms, where the wave func-
but that a second process starts to become operational. Ofjsng are localized and decay exponentially away the site,
ing to the close proximity of these films to the metal- 45 inhibiting elastic-scattering events. We thus speculate
insulator transition, the localization leng#ly is large and i that the weak localization process starts to become important

expected to diverge to infinity as the MIT is approachedj,st pelow the metal-insulator transition and dominates
from below. This implies that the ared of the scattering zpgve the MIT.

sites sampled by the hopping electron also diverges to infin-

ity since Szropt(aoropt)l’/z, where 1 =ay(3/8)

x(TMott/T)”“;_ note thatS?caS 8.. Since this area becomes ACKNOWLEDGMENTS
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