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Conductance fluctuations and distribution at the metal-insulator transition induced by an electric
field in a disordered chain
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A simple Kronig-Penney model for one-dimensioftHD) mesoscopic systems withpeak potentials is used
to study numerically the influence of a constant electric field on the conductance fluctuations and distribution
at the metal-insulator transition. We use the Levy laws to investigate the statistical properties of the eigenstates.
We found at this transition that the conductance probability distribution has a system-size independent shape
with large fluctuations in good agreement with previous works in 2D and 3D systems.

DOI: 10.1103/PhysRevB.66.212201 PACS nuni®er71.23.An, 71.30th, 73.23-b

[. INTRODUCTION distribution depends on the dimenst®and the symmetry of
the systent®!®as well as on the boundary conditiofs.

The electric field was shown to delocalize the electronic

During the last two decades several works have been desaes in 1D disordered systerishere all the states are
voted to understanding transport properties in MESO0SCOPIRcajized 2122 In a previous work, we studied the transition

-9 .
systems:™ Experiments performed on such systems showegrom the localized to weakly localized states, and showed
that the conductance is not a self-averaged quantftyhut  that the Anderson transition may occur for strong figits.

that it fluctuates with the Fermi energy, chemical potentialHowever, the position of this transition was not found for
and sample size. In the metallic regime both experim&mal these systems.

and theoretic® studies indicated that the conductance The aim of this work is to find the Anderson transition

fluctuations are of order of?/h, and are universalcalled  region and test the size independence of the probability dis-

universal conductance fluctuations tribution of the conductance in disordered mesoscopic chains
In the localized(insulating regime, the conductance ex- under an applied electric field. For this end we use Levy

hibits strong fluctuations which tend to diverge for large sys-statistics>*

tem sizes> At the critical point of the metal-insulator tran-

sition (MIT), large fluctuations were predicted analytically Il. MODEL DESCRIPTION

for d=2+¢ (e<1),"**3but not found ically by Mar- . . .
or e (e<1) ut not found humericatly by Mar We consider a Kronig-Penney model applied to a 1D sys-

kos and Kramer in two-dimensional2D) and 3D .

tem of equally spaced potentidlx) with random strengths
systems*15They concluded that the large conductance flucs - er a?:ons>tlanpt) eIectrF;c field K'I'rze corresponding Sghro-
tuations are not the general feature of the metal-insulato&inger equation can be read '

transition. It was also found that the variance of [ggé of

order of its mean value, and that the standard deviatiog of d2
is also~(g).1® ——+ 2 Bad(x—n)—eFx  T(X)=EV¥(x). (1)
Since the conductance does not obey the central limit dx n

theoren? it is necessary to inves_tigatg no_t only the first 'Fwo HereW (x) is the single-particle wave function &tg, is the
moments but the whole probability distribution. Numerical potential strength of thath site, ancE is the single-particle
results in 2D and 3D disordered systems showed that thgnergy in units ofs%2m, with m the electronic effective
conductance is norma”y distributed in a metallic regime,mass_ The electronic Charg@nd the lattice parametarare
while for strongly localized system@nsulating regimg a  taken here for simplicity to be unity. The chain length is
log-normal distribution was fount!. The correct form of the  identical to the number of scatteres=£N). The two ends
probability distribution at the transition is not well known. In of the system are assumed to be connected ohmically to ideal
such a regime, it was proven that the conductance distribueads(where the electron moves freglgnd maintained at a
tion is independent of the microscopic details of the modekonstant potential differencé=FL. The potential strength
(determined by the distribution of the disorgeof the sys- 3, is uniformly distributed betweer W/2 andW/2 (W be-

tem size, and of the position of the critical point which sepa-ing the degree of disorder

rates the metallic and localized regimes in the phase space of The exact solution of Eq.l) is Airy-function-like. In or-
external parameter@nergy and disordgrThe universality der to reduce the computational time consumption, we use
of the conductance distribution was studied and confirmedhe so-called ladder approximation which is valid only for
for 2D and 3D model$?*® while the system-size invariance weak fieldsFa<E.?>?? For stronger fields, we use the mul-
of P(g) at the critical points of the MIT was confirmed for tistep function approximatiof?, which is very accurate, and
3D and 4D system¥? It was also found that the critical use plane waves instead of Airy functions. This approxima-
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tion consists of subdividing each step intosteps, so that e
the conditionFa/m<E is satisfied. wl |
The second-order differential equati@t) can be mapped '
by means the Poincareap representatiéh 12 b )
Kn sin(Kn+1) M 1
\Pn+l_ Coikn+l)+ kn+1sir(kn)COSkn) ’%; Wl |
+ﬁn Sm(kn+1) ‘I’n— kn Sm(.kn+1) . (2) 06 |
Kn+1 Kn+1 sin(kp)

where ¥, is the value of the wave function at siteand *

k,=VE+Fn is the electron wave number at the siteThe o2 1

solution of Eq.(2) is carried out iteratively by taking the two

initial wave functions at sites 1 and ®,=exp(—ik) and o 2 ERR 5 5
. . . Applied electric field F

V¥ ,=exp(—2ik). Here we consider an electron having a wave

numberk incident at siteN+ 3 from the right(by taking the FIG. 1. Variance of Lng) vs applied electric field fot. =500,

chain lengthL=N, i.e., N+1 scatterers The transmission E=0.4, andW=0.25.
coefficient(T) reads

electric field, we investigate the conductance distribution

H 2
Ko |1—exp(—2iky)| (3  P(g) for different values of the field. All these distributions

- ke |V~ Phsgexp—ik)[? show long power-law tails decreasing for large values of the
conductance. Therefore, we use the Levy statisticg(Z)
whereko= \E andk_=JE+FN. of index u which decrease a&**#) for large values of

The dimensionless four-probe conductange- G/_ezlh) Z.2* We found that the conductance distributi®f{g) be-
can be obtained from the transmision coefficiénvia the o\ es ag~ (1" for large values ofy. The exponeni is
Landauer formula for 1D systenfs, then calculated from the log-log plot &{(g) for large values

2T of g, which is linear with a slope equal te (1+ u). In Fig.

g=-——, (4) 2, we show the indexx as a function of the applied field

1-T strength. The exponeni starts to increase when the field
where the factor 2 arises from the two possible states of th&trength increases with a minimum fér=3. ForF =1 (cor-
electron spin. responding to a peak in Fig),lthe exponeny is still less
than 2, corresponding to the localized regime. When the
field increases above 1, the exponentbecomes greater
than 2, indicating the normal law of the distribution. The

In this section we discuss numerical results of the conducsurprising decrease of the expongnhearF =3 is expected
tance fluctuations and distribution at the transition regime. Irto be a Stark localizatidfi with a competing metallic behav-

a previous work?® we showed that the true metal-insulator ior.

transition does not occur &~V as believed from the re- Now let us check the nature of the regime at the minimum
sults of Mato and Car®’ but this regime can be obtained for of Fig. 1 (F=3). In Fig. 3, we show the probabilty distribu-
stronger fields(this point corresponds to a transition to tion of Ln(g) [Fig. 3(@] and g[Fig. 3(b)] for different sizes
power-law localized statgsin order to obtain the probabilty of the system (=500, 700, 800, and 90Cand for F=3.
distribution of the conductance, we build a statistical en-

Ill. RESULTS AND DISCUSSION

semble of 16 samples which differ only in the realization of 12
the disorder. The electric field has been shown to delocalize

the electronic states in 1D disordered systems where the 10
wave function becomes power-law decayfig? while for 1
sufficiently large field strengths the eigenstates become 81

extended? The metal-insulator transition regime in this sys-
tem is unknown. In the absence of a field, the conductances_
exhibits large fluctuations signature of strong localization.
When the field increases, these fluctuations decrease, indica

ing a metallic regime. 2 el
In Fig. 1, we show the variance of Lg) as a function of : ./‘/
the applied voltagéfor large field strengthE=1). The con- 0 T - T r .

0 1 2 3 4 5

ductance fluctuations have peaks due to the Stark ladde e
Electric field F

localization?® Beyond F=3 the fluctuations decrease lead-
ing to the metallic regime. To understand the behavior of the FIG. 2. The indexu as a function of the applied electric field for
conductance fluctuations for different values of the appliedhe same parameters as in Fig. 1.
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the “accelerating” effect of the field and the destructive in-
terferences within Stark localizatidfiin Table | we present

a mean value of log and its variance. We note clearly that
1000 - 1 VarIn(g)] is not of the order of In§) which is typical for

the localized states as found for 3D and 4D syst&hihis
shows that in our system the extended states dominates due
to an electric field. We can also see tli¥tg) has a hole at
small g, in agreement with the analytical result in tle

, ‘ ‘ , expansiof®!® and with the numerical results for 2[Ref.
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FIG. 3. (a) Probability distribution of Lng) for F=3, E IV. CONCLUSION
=0.4, andW=0.25 and different system sizek £ 500, 700, 800,
and 900 compared with a Gaussian with the same mean and vari- We have used the Kronig-Penney model in a simple 1D
ance(dashed curve (b) Distribution of g for the same parameters disordered system in the presence of an electric field to de-
as in(a). termine the metal-insulator transition and examine the con-
ductance fluctuations and the size independence of its distri-

The conductance distribution seems to be neither normal néjrlJtion at this transition. To find_this trap;ition, we have used
table Levy law$* We found this transition to be the result

log-normal. The size independence of the conductance dis’

R : f the competition between the field-induced localization
gg’igz?ezé?‘?g{;?ms rt;te}\r/]v:\r;i ;??S?]%Ste;\t;ggr\?gg ian;hZeDmaerl (Stark and the field-induced delocalization. These effects

tallic and insulating regimésee Fig. 4 where the conduc- make the transition not easy to determine. However, the

tance distribution depends on the size of the system. Th oint atF =3 seems to corresporjd to this trans_ition. Indeed,
long tail of the distribution in Fig. @) is representative for e results for the conductance distribution are in good agree-

: : : ent with the previous works in 2D and 3D systems for
lsarr]%%ir%uzcéfg%msaéﬁogggg g(g)]rr%eqr%?ntth ;N ':: ett:finrseuslglfr 0{cTther model¥"° for metal-insulator transitiorithe field in-
transition. The distribution ofy in Fig. 3(b) has a similar creases the effective dimension of the wave fungtidinis

shape, as found recently in the crossover region betWeei[gnportant to study the universality of the conductance distri-

metallic and insulating regime in disordered quasi-one-
dimensional wire® For an electric-field strength corre-
sponding to the peak in Fig. 1 &=1, the conductance
distribution has a size-dependent fo(not shown. All these

TABLE |. Mean conductancélLn(g)) and its variance for dif-
ferent system sizek and for the same parameters as in Fi@).3

arguments lead us to conclude that a MIT regime occurs at {Ln(9)) varLn(g)]
F=3 for E=0.4 andW=0.25. We can also observe that this 500 3.9557 0.20548
regime is characterized by very large conductages=58 600 3.9314 0.20474
[Fig. 3(b)]. This was not observed in the metallic regime for 700 3.9596 0.21149
large fields where the mean conductance is much smallejgo 3.9632 0.21717

(9)=0.42 This is probably due to the competition between
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bution at the transition in a system of finite width potentials
where the conductance fluctuations are less important i
comparison to the present mod&land to find the critical
points of the transition in théenergy-disorder electric field
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