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We investigate electronic delocalization and magnetic-flux-induced persistent current in the
mesoscopic ring, which is constructed according to the nonsymmetric-di&D) model. The
flux-dependent energy spectra, electronic wavefunctions, and persistent currents are theoretically
obtained. It is demonstrated that due to the localization-delocalization transition of electrons, the
electronic state in the NSD ring can be localized, extended, and the intermediate case between
extended states and localized ones. The persistent cifP@ntapproaches the behavior of free
electrons if the Fermi level is around the near-resonant energy. Otherwise, the PC is depressed
dramatically. This conclusion could be generalized to other correlated-disordered syste?d94©
American Institute of Physics[DOI: 10.1063/1.1651801

Since Anderson presented the electronic localizatiormesoscopic ring threaded by a magnetic flux. The mesos-
theorem based on a model with a site-diagonal disorder igopic ring is constructed according to the nonsymmetric-
1958! much attention has been paid to the problem of elecdimer (NSD) model, where the defect clusters are randomly
tronic localization in one-dimensiona(1D) disordered embedded into a monoatomic host system, but each cluster
system¢g. Recently, some fascinating issues have added fresontains two kinds of defects, i.e., the cluster is nonsymmet-
insight into the localization problem. It is shown that ex- fic, and thus it is different from the RDM. It is well known
tended states can still exist in the system with correlatedhat Btitiker, Imry, and Landauer first theoretically predicted
disorder. One typical case is the random-dimer modeihe persistent currer®C) in the flux-threaded mesoscopic
(RDM) introduced by Dunlap, Wu, and Phillips in 1990n ring in 19832 '_I'he expgrimental work on persistent currents _
the RDM, one of two site energies, and e, is randomly has been,carrled ogut since the last decade. In an egrly experi-
assigned to pairs in the lattice, and an invariable nearesfl€nt by Ley et al,” the PC measured on 16opper rings is
hopping integralV connects the sites. Provided thiat, in agreement with the theorethal prediction undgr the diffu-
— e,|<2V, there areJN extended electronic states in the sive case. Hovlvc?\./erz the experimental obse_rvat|or_1 by Chan-
RDM with length N; otherwise, localization occurs. This d_rasgkharet al. " indicated that th? current in a single Au
kind of localization-delocalization transition has also been 'NJ 1S ON€ Of two ordgrs of ”.“agn't“de larger than the value
found in the random trimer, random dimer-trimer, and eve redicted by the noninteracting theory. Some models have

the randorm-mer model* The widely accepted understand- een presented to explain this puzzldn our case, due to

ing of the electronic delocalization in RDM-like svstems iSthe electronic localization-delocalization transition in the
9 y ESD system, the PC in the NSD mesoscopic rings presents a

that the |mpt1r;ty dp(cj:_ssezses mterna:(sytrﬂmtletry, lgnci_thlslsho: ich feature. The PC can approach the behavior of free elec-
range correlated disorder can make ine localization 1engty, regardless of the disorder if the Fermi level is around

Comp?‘rg@,“; to the length of the syst_e m at ;esogqnlthe energy of near-resonant scattering, while the PC can be
energies. However, near-'resqnantgscattermg was 1ound INyenressed dramatically if the Fermi level is far away from
nonsymmetric-dimers chains in 1934/ery recently, €S0~ ho energy of near-resonant scattering. Our investigations

nant scattering phenomenon has been observed-imer o ide another reasonable model to explain the anoma-
chains with inversely symmetric impuritiést is shown that lously large PC observed in the experiments.

the internal mirror symmetry is not a necessary condition for  cgnsider a 1D aperiodic mesoscopic ring threaded by
the presence of electronic delocalization: Instead, the shorfye magnetic flux. There ane sites in the ring, and thkth
range spatial correlation plays an important role in such syssite is occupied by the atom (I=1,2,...,N). In the tight-
tems with correlated disorder. Considering the analogy beninding approximation, without an electron-electron interac-
tween electronic transport in a 1D chain and that in aton, the Schidinger equation for a spinless electron in a 1D

mesoscopic rin§,we may ask whether a similar resonant aperiodic mesoscopic ring threaded by a magneticdioan
phenomenon may occur in a mesoscopic ring. be written as

In this paper, we investigate electronic delocalization
and its effect on the persistent current in a 1D disordered (E=e)Ci=Vi14+1Cs1H Vi 1-1Ci 1, @

where C, is the amplitude of wavefunction on théh site,
*Electronic mail: rwpeng@nju.edu.cn V| =1 is the nearest hopping integral, and the site-eneygy
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is taken as; = €, (Or €, €.) if atoma (or b, c) occupies the and the persistent current in the ring contributed byritte
site. Equation(1) can also be expressed in the matrix form energy level follows:

Crot| c _EN(®)
C| _M|+l,| C|— ’ (2) In(q))_ c ) ’ (6)
where the transfer matrix wherec is the velocity of the light. At zero temperature, if
E_ Vv the number of electrons in the spinless fermion system
Vit equalsN,, the total persistent current in the mesoscopic ring
M= Vii+1 Vigs1]. (3)  satisfies
1 0 Ne
Because a magnetic fluse threaded through the ring I((D):nzl In(®). v

will lead to the twisted boundary condition for the wave

function of the electrons, the equation for the global transfer N our case, the mesoscopic ring is constructed according
matrix has the form to the NSD model. The NSD model contains three kinds of

atoms:a,b, andc. The host atona and the paired impurity

CN+1) vy Ci (4) atomsbc are distributed randomly on the sites, and there is a
Cy Co total of N sites in the NSD model. Without loss of generality,

we let the nearest hopping interval of atoatsa, a—b, and
a—c be the same a¥, ,=V, ,=V, =V, but the nearest
hopping interval of atomb—c is V, .=V. As we know,
near-resonant scattering can happen if the reflection
x=cog27d/ D), (5)  coefficient

Cy
Co

) — gl2m®/ Dy

where I\WZH,N:lM,HJ and ®,=hc/e is the flux quantum.

By denoting the trace dfl asy= Tr M, the flux-dependent
energyE,(®) can be obtained from

4v2V2sirt k
rl?=1-— — ®
[V2—=VZ2—=W,W,— V(W,+W,)cosk]?+ V[ (W, — W,)?+ 4V?]sir’ k

is close to zero in the nonsymmetric-dimer chain, wheresnergy spectrum can be obtained according to ER)s«(5).
Wy=€,—€,, W.=€,— €., andk is the wavevector[Ac-  Figure Xa) shows the energy levels around the near-resonant
cording to Eq.(8), we have|r|2=0 only in the case o¥V,  energy Ey=2.05. Obviously in the vicinity of the near-
=W, andV=V, i.e., a symmetric dimer. Therefore, there is resonant energy, the energy level has narrow gags/dt,
only near-resonant scattering in a nonsymmetric-dimer struc=0 and®/®, ==0.5 [shown in Fig. 13)], which is quite
ture] Once in the case of near-resonant scattering, the energymilar to that in the ordered ring. Figuréb) presents the
satisfies flux-dependent eigenenergy which is away from the near-
resonant energy. The energy level shows large gaps and is
E=Eg=e€,+2V cosk. 9 much smoother in the case here the energy deviates from the

Thus, the impurity cluster seems to not have affected théesonant energishown in Fig. 1b)].
amplitude of the electronic wave function, and the NSD  Based on Egs(6) and(7), the persistent current can be
structure looks like the monoatomiice., the atom 4” ) sys- calculated. Figure (@) presents the total persistent current
tem. The behavior of electrons in the NSD ring is exactly
like that in the NSD chain: the wave vectkris determined
by the magnetic fluxb in the ring, i.e. . kKL=27®/d, (O, 2074
=hcl/e is the flux quantum and is the length of the ring
Near-resonant scattering will happen in the NSD mesoscopic 204
ring if the Fermi level is close to the near-resonant energy E
given by Eqs(8) and(9) when|r|? approaches zero. There-
after, the PC in this ring with correlated disorder will ap-
proach that in the orderegberiodig mesoscopic rings.

The above analysis can be demonstrated by the numeri-
cal calculation on the energy spectrum and the persistent 05 00 05 05 00 05
current in the 1D NSD mesoscopic ring. In the following D/D,
caleulation, the parameters are takenhas 595, €,=0.4, FIG. 1. The flux-dependent energy level of the 1D NSD mesoscopic ring
€,=1.0, e.=1.22, V.= — 1.48, V=1.183, and the numbgrs whereN=595, ¢,—0.4, e,=1.0, e,—1.22,V— —1.48, andV—1.183. (a)
of atomsa,b, andc in the ring are almost the same, which around the near-resonant energy=E,=2.05. (b) Away from the near-
correspond to the most disordered case. The flux-dependertonant energy.
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the Fermi level corresponds to the cases in Figa)-2(c), respectively,
FIG. 2. The persistent current in the NSD mesoscopic ring with the samevhered/d,=0.25. The highest-occupied electronic statéajsalmost ex-
parameters as in Fig. 1, whetg=(4mc/N®)sinNym/N). (&) Large per-  tented whenN.=379 andE=2.0487790107727(b) intermediated when
sistent current wheN =379 (E=2.03539372.0587578).(b) Suppressed Ne=221 andE=—0.204 360 395669 9, ant) localized whenN,=161
persistent current whemN,=221 (E=—0.2204804- —0.2028655). (c) andE=—0.938 350439 071 6.
Infinitesimal persistent current whenN.,=161 (E=—0.9383504

~—0.9210108). . . . . N
) disorder in the NSD ring. The electronic delocalization in-

deed occurs in the NSD ring. However, if the electronic state
when the Eermi level is closest to the near-resonant enerd intermediated or localized at the Fermi level, the persistent
Ey=2.05. This Fermi level corresponds to the electron- fill- urre? IS 5|g£|f|cantly decrez?jsid. h ; ional
ing numberN.=379. It is shown that the current is quite This work was supp_orte y t € grants from Nationa
large (/15 .,=0.75, with slight suppressionalthough the Nature Science Foundhauon of Ch|(90201039f, 1027{1029,
correlated disorder exists in the NSD system. The behaviof03 /4042, 10021001the State Key Program for Basic Re-

earch from the Ministry of Science and Technology of

of the PC in this case approaches that of a free electron. hi incial
the other hand, if the Fermi level occupies the oﬁ-resonanp ina (CO1CB610602, G1998061410Provincial Nature

energy, the persistent current will be significantly reducedks)dehnce Izl(oupdation of a]iang§BK2002§0§, and partially
Figures 2b) and Zc) illustrate the significantly depressed PC y the Fok Ying Tung Education Foundation.
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