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Selective transport and mobility edges in quasi-one-dimensional systems
with a stratified correlated disorder
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We present analytical results on transport properties of many-mode waveguides with randomly
stratified disorder having long-range correlations. To describe such systems, the theory of
one-dimensional transport recently developed for a correlated disorder is generalized. The
propagation of waves through such waveguides may reveal a quite unexpected phenomena of a
complete transparency for a subset of propagating modes. We found that with a proper choice of
long-range correlations one can arrange a perfect transparency of waveguides inside a given
frequency window of incoming waves. Thus, mobility edges are shown to be possible in
quasi-one-dimensional geometry with correlated disorder. The results may be important for
experimental realizations of a selective transport in application to both waveguides and electron/
optic nanodevices. @004 American Institute of PhysidDOIl: 10.1063/1.1765735

During the last few years there are a burst of interest tavaveguide, the angular brackets stand for the statistical av-
the problem of localization—delocalization transition in sys-erage over realizations af(x)®.
tems with correlated disordésee, e.g., Refs. 1 and 2, and Since the potential/(x) does not depend on the trans-
references therejnThis fact is due to the possibility to ob- verse to the waveguide direction, thetal transmittance
serve an anomalous transport in one-dimensighBl) de-  T(L) of a quasi-1D stratified structure is expressed as a sum
vices with random potentials. In particular, it was shéwn of partial transmittances J,
that specific long-range correlations give rise to a complete
transparency of electron waves for given energy intervals.
Experimental realization of such potentials for single-mode
waveguides with delta-like scattérsas confirmed theoreti-
cal predictions. Here Ny=[kd/ ] is the total number of propagating modes

The subject of wave propagation through disorderedconducting channejswith [...] as the integer part, aridis
stratified media is important both from the theoretical view-the wave number. Every, describes the transparency of the
point and for experimental applications such as optic fibersgorrespondingith propagating mode with a lengthwise wave
remote sensing, radio wave propagation, shallow watepumberk,=k?-(7n/d)2 In such a way our problem for the
waves, random photonic lattices, efsee, e.g., Ref./4lthas  quasi-1D disordered system has reduced to the 1D wave
also a direct relation to the problem of electronic transport irscattering in everyith channel. As a result, the average par-
mesoscopic conducting channels. So far, main results in thigal transmittanceT,) is described by the universal function
field have been obtained for random Gaussian potentials. Othat depends on one parametet=L/L (K, only, where
the other hand, the understanding of generic properties dfj,.(k, is the localization lengthassociated with a given
transport in the systems wittorrelated disordeis important  channel.
for the modern theory of electron/wave propagation. It  According to the theory of 1D random medif for a
should also be stressed that existing experimental technisgeak potentialand not close to the energy bake 0) the
allow for the construction of systems with sophisticated scatinverse localization length is given by
tering potentials resulting in anomalous transport propérties 1 5

In this letter we study transport properties of quasi-1D Ligc(kn) = W(2kn)/ 16K, (2)
waveguides with atratifieddisorder that has long-range cor- whereW(k,) is the Fourier transform of the binary correlator
relations. Our main interest is in exploring the possibility of yy)(|x-x'|) for the scattering potential. For large localization
constructing such random potentials that result in frequencyength, A, =L/L.(k,) <1, the transmittancéT,,) exhibits the
windows of a perfect propagation of waves. ballistic behavior and the correspondinth normal mode is

In what follows we consider a plane wavegui@e con-  practically transparentT,)~1-4A,. On the contrary, the

ducting wirg of width d having a stratified region of the .. cmittance is exponentially sma{rl'n>~A;3/2exp(—An),

"?”gth L. Th? stratification is described by a random IOOten'when the localization length is much less than the length of
tial V(x) with zero average(V(x))=0, and correlator

; . , the waveguide)\,> 1. This implies strong electron/wave lo-
(VV(x)=W(x=X|). The x axis stretches along the cajization in a givemth channel.

The main feature ol ,.(k,) is its dependence on the
3Electronic mail: izrailev@sirio.ifuap.buap.mx mode indexn. One can see that the largeis, the smaller is

Ng

T(L) =2 To(L). (1)
n=1
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Lioc(ky) and, consequently, the stronger is the coherent scatecalized transport. Finally, the waveguide is transparent in
tering within this mode. This dependence is quite strong du¢he case wheruv< & exp(6k?/k3). One can show that for
to the squared wave numblerin the denominator of Eq2).  white-noise potentials the conditiar> 1 localizes all propa-
Evidently, with an increase of the value ok, decreases. An gating modes. However, with a proper choice of the stratified
additional dependence appears because of the power spawirelated disorder the ballistic transport of all conducting
trum W(2k,). Since the correlatorV(|x—x'|) is a decreasing channels can be realized even for 1.
function of |x—x'|, the numeratowW(2k,,) increases with (it The fundamentally different situation arises when the
is a constant for the delta-correlated potential pnkhere-  stratified medium has specific long-range correlations. To
fore, both the numerator and denominator contribute in theshow this, we note that the localization lendi(k,) of any
same way for the dependencelgf.(k, onn. As a result, we nth conducting channel is entirely determined\k,); see
arrive at thehierarchy of mode localization lengths Eq. (2). Therefore, ifW(2k,) vanishes for some wave num-
bersk,, thenL,,.(k,) diverges and corresponding propagating
modes are fully transparent. Such a situation can be realized
Thus, a remarkable phenomenon arises. On the onfY Using the method of constructing random potentials with a
hand, the partial transport for any bf, channels is charac- 91Ven W(k).” Specifically, onelghould find the function
terized solely byA,,. On the other hand, due to the revealedB(X) whose Fourier transform 1/"“(k). Then, the random
hierarchy ofL,..(k,), the total transmittance1) depends on PotentialV(x) can be constructed as a convolution of white
the whole set of scaling parameteks. This fact is in con-  N0iseZ(x) with the functions(x),
trast with quasi-1D bulk-disordered models, for which all %
transport properties are described by one parameter only. V(x)= dx’ Z(x=x") B(x"). (6)
Note that our model is similar to quasi-1D waveguides with -

rough surfaces, for which an hierarchy of scattering length§ye emphasize that the transition between localized and bal-
was also founa. _ listic wave/electron transport can be arranged inaarupt

The combined effect of the hierarchy bfc(ky) and the 4y at any given value of wave numbky. This can be done
one-parameter scaling for eve(¥,) results in three different it w(k ) has a discontinuity at the desired point. Correspond-
transport regimes(i) If the largest localization length is ingly, random potentiaV/(x) should havdong-range corre-
much less than the waveguide lendth(k;) <L, all propa-  |ations
gating modes are localized and the waveguide is nontrans-  To show how to arrange a sharp transition, let us take
parent.(ii) On the contrary, when the smallest localization/(x) with the following power spectrum:
lengthLoc(ky,) is much larger thai, all propagating modes

are open({T,)=1) and the total ballistic transmittance is Wiky) = Wo Ok = 2ko), (7)

equal to the total number of propagating mod@$L))=Ny.  where ©(x) is the unit-step function and the characteristic

(ii) The intermediate situation arises whieg.(ky) is larger,  wave numbeik,>0 is a correlation parameter to be speci-

while Li(ky,) is smaller than the waveguide length, fied. According to Eq(6), the random potentials having such

Lioc(kn,) <L <Lioc(ky). In this case a very interesting phe- correlator can be constructed as

nomenon of thecoexistencef ballistic and localizedtrans-

port occurs. Namely, whiléowestmodes are in the ballistic V(x) :W(l)/Z[Z(X) -f

regime,highestmodes are strongly localized. -
As a demonstration, let us consider the waveguide with a

large number of conducting channeNgy=[kd/7]~kd/ =

> 1, and with potential having the widely used Gaussian cor

relator,

Lloc(kNd) < LIoc(kNd—l) < < Lloc(kz) < Lloc(kl)-

* sin(2kgx’

dx’ Z(x- x’)(—k?) .
o0 X
Now one can see that all low modes with wave numbers
k,> Kk, have finite localization lengths while for high modes
with k,<kg the localization lengths diverge,

W) = Wekon™ e~ k62, Ll > ko) = Wo/16ky - Lilky < ko) =0. ©
3) Remarkably, in contrast to th_e case of Ga_ussian correlations
W(k,) = Woexp(- kil 4k§). (see abovg here all propagating modes with
It is convenient to introduce two parameters N> Nigg = [(kd/m)(1 - kg/k*) V20 (k ~ ko) 9
w are ballistic. Since their mode transmittan¢g=1, such
_ L Wi _ LlOC(kNd) <1 @) modes form acoset of completely transparent channéls

B Linc(ky) 16Kk B Lin(kp) ' for other propagating modes witbw indicesn< Ny, they
w w _ remain to bdocalizedfor large enough waveguide lengths
whereLp.(ky) and Ll'oc(k.Nd) refer, respectwely, t.o the largest | hen Wol/16k2> 1.
and smallest localization lengths in the limit case of the  The expressiori9) determines the total numbét,. of
white-noise potentiafko— =). localized modeand total numbeN, =Ny— N, of completely
One can find that for Gaussian correlatig8sall propa-  transparent modesSince localized modes do not contribute
gating modes are localized whersexp(k?/k3). The inter- g the total transmittanc), the latter is equal to the number

mediate situation occurs when N, and do not depend o,
expki/kd) > a> & exp(kZKD). (5) (T) = [kd/m] - [(kd/m)(1 - kK3 YO (k- ko). (10
Therefore, the longer randg" of the correlated disorder, the For ko<k the number of localized modedN

simpler the conditiong5) of the coexistencef ballistic and  ~[(kd/7)(1-k3/2k?)] is of the order ofNg. Consequently,
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the number of transparent modsdg is small, or there are no after 6 steps up, about 16 local mobility edges characterized
such modes at all. Otherwise, i,—k, the integerNy by the steps down.

~[\'E(kd/77)(1—k0/k)l/2] turns out to be much less than the This research was supported by CONACYT Grant No.
total number of waveguide modé, andN, is large. When  34668-E, and by BUAP Grant No. |I-104G@Xéxico).
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