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Quasiperiodic magnetoresistance oscillations in narrow quasiballistic wire
in the quantum Hall regime
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We have investigated magnetotransport behavior of a quasiballistic quantum wire in the integer quantum
Hall effect (IQHE) regime. At low and high magnetic field sides of the IQHE longitudinal resistance minima
of lower filling factors, we have observed quasiperiodic magnetoresistance oscillations having markedly dif-
ferent spectral characteristics. Oscillations at the Bwside of a resistance minimum were of a higher
frequency than those at the hidh side. The analysis of the experimental data is based on the electron
interference via edge current states coupled by tunneling and also on the resonant tunneling through a mag-
netically bound state of a potential fluctuation at the entrance to the (@#04.63-18206)03620-X|

Extensive experimental investigations in the past few Figure ¥a) shows a variation of the quantum wire resis-
years have shown that magnetoresistance behavior of a qualance as a function of the applied perpendicular magnetic
tum wire in a strong magnetic field may be quite compli- field over the whole magnetic field range covered. Upto 1 T,
cated. Even though the electron mobility may be highone can observe low amplitude MR fluctuations, which ac-
enough for a wire to be nearly ballistic, still in some casegually are the universal conductance fluctuatigbkCF) in
against the background of Shubnikov—de Haas oscillationghe wire with the magnitude of aboat/h. Their correlation
there can be observed aperiodic magnetoresistance fluctubanction offers a means of determining the effective width
tions arising in the vicinity of both the,, minima and W, of the wire from the equatioB.~®q/(LWeg), where
maxima®? The origin of these fluctuations for some time B, is the correlation magnetic field anbl, is the magnetic
remained obscure. However, with the development of thdlux qguantum. One obtain&/4~0.1—0.2 um. Hereafter, we
edge current states approach to the electron transport iwill take Werz=0.1 um, because the lithographical width of
strong magnetic field$jt became clear that these effects canthe wire is 0.3um and the depletion widths at the wire edges
be explained in terms of electron interference via edge curwould be about 0.1um. At fields higher than 1 T
rent states coupled by tunnelthgr resonant scattering of Shubnikov—de Haas oscillations appear, their amplitude in-
electrons via a magnetically bound stifeln the present creasing with magnetic field, and at aib@uT and higher the
work, we report the observation of quasiperiodic magnetorep"< p%i2* condition is satisfied, suggesting that transition to
sistancgMR) oscillations in a quantum wire in integer quan- the IQHE regime is taking place. Figurebland Xc) dis-
tum Hall effect(IQHE) regime. We analyze our experimen- play in more detail MR data taken in the IQHE regime for
tal data within the framework of magnetic edge states andilling factors v=8 andv==6. In either case, resistance fluc-
show that the quasiperiodic MR oscillation may arise fromtuations are clearly seen which for these curves have a com-
the resonant scattering of electrons between the magnetinon feature. Indeed, the average period of fluctuations at the
edge states that carry a current along the opposite boundarigsv B side of a MR minimumnithe Fermi level lies in the tail
of the wire via a localized state magnetically bound to anof localized states of a Landau level abpig noticeably
impurity potential fluctuation situated in the immediate vi- smaller than that of fluctuations at the highside of a MR
cinity of the wire. Relying on the period of the oscillations, minimum when the next Landau level is approaching the
we make an estimate of the spatial extent of the potentiakermi level from below. MR fluctuations at higher filling

fluctuation. _ _ _ _ factor minima show up in much narrower intervals of mag-
The experimental device was a quantum wire with thenetic field, which makes their analysis impossible.
length L=15 um and the lithographic  width Figure 2 shows the Fourier spectra of the fluctuations to

W=0.3 um, shallow etched from a two-dimension@D)  the right[2(a)] and to the lef{2(b)] of »=8 minimum. Fou-
electron gas in AlGa; _,As/GaAs heterostructure. The wire rier analysis of MR data in the vicinity of=6 minimum

was positioned in the center of a Hall bar with the width gives very similar results. In either case Fourier transform
10 um and the distance between the voltage probesvas preceded by a trend elimination in an examined part of
100 um . Schematic top view of the sample is given in thethe MR dependence. Following this procedure, the magnetic
inset to Fig. 1a). The original parameters of the 2D electron field region under study was divided into several intervals, in
gas at 4.2 K were as follows: the mobiligy=10°> cm?V's  which Fourier transforms were independently performed.
and the electron density=(7—9)x 10" cm~2. The mea- The Fourier spectra thus obtained were then averaged to pro-
surements were carried out at temperatdre20 mK and in  duce the spectra shown in Fig. 2. As may be inferred from
magnetic fields up to 8 T. We measured the four-terminathe general appearance of the spectra, the fluctuations from
resistance of the wire, using an ac lock-in technique at 30—78oth the left and the right side of the minimum contain com-
Hz. ponents periodical with magnetic field. However, while the
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FIG. 1. The magnetoresistance of the quantum arever the
whole magnetic field range studigth),(c) in the vicinity of the MR
minima »=8 andv=6, respectively. Inset ifa): the cross pattern
of the device.
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FIG. 2. Fourier spectra of the fluctuations to the ri¢gdjtand to
the left (b) of y=8 MR minimum.

two sharp closely spaced peaks in the Fourier spectrum. This
specific structure was not destroyed by the averaging proce-
dures mentioned above. It was also indifferent to changing
(up to 10% the width of the interval in magnetic field over
which the Fourier transforms were performed. All this makes
us believe that it has some physical origin. In this paper, we
will, however, ignore the details of the structure and treat
these high-frequency peaks further as a single feature in the
spectrum, thus assuming that there are on the whole, two
different periodical components: one common to both types
of fluctuations, and the other, with the frequency approxi-
mately three times higher, found in the fluctuations to the left
of the minimum.

We now turn to a discussion of the above results. Accord-
ing to the general concept of electron transport in the IQHE
regime, a current is carried in a set of parallel edge states
along the sides of the wire, as the electrons become confined
to the edges of the sample by the Lorentz force. If there is no
scattering across the wire, then there is no voltage drop along

high B side fluctuation$2(a)] contain only one such compo- an edge and the transport is dissipationless. To account for

nent, the lowB side fluctuationd2(b)] have an additional

the fluctuations observed in the vicinity of MR minima, we

distinct contribution of a higher frequency represented bymust consider some mechanism of electron backscattering,
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which is sensitive to magnetic field. Let us first consider the @)
low-frequency component of the fluctuations. Its period is
close to the UCF correlation magnetic fidRl mentioned
earlier and corresponds to a changedgf in the magnetic
flux through the area of the wire. However, the appearance of
the low-frequency part of the Fourier spectra in Fig. 2 is

<
>

different from a UCF Fourier spectrufm possible origin of Qx . j
the component in question may be an electron interference . g N
via magnetic edge states that carry the current along the op- (. _ -\

posite boundaries of the wire. It is necessary that the inner- ,
most edge states from the opposite boundaries be well sepa-
rated along the whole length of the wire, except at least two 4
(or more places where a fluctuation of confining potential /
brings them close enough together to make electron back- A
scattering sufficiently strong. In this situation, the backscat-
tered trajectory of the electron is split in two or more alter-
native paths enclosing different areas. The maximum
difference of the areas thus enclosed may be approximately
equal to the area of the wire itself. Then the Aharonov-Bohm
effect on the electron wave propagating along these paths
would bring about the low-frequency component observed.
Let us now turn to the high-frequency component. In the
nanostructure physics, a periodic component in MR is gen-
erally an indication that there is a well-defined area in the
sample enclosed either by two different electron paths
(Aharonov-Bohm effegtor by a localized magnetic edge
state(resonant tunneling In either case, the period of MR
oscillations is directly related to the area thus enclosed. In
the case of the high-frequency component, this af®aig

. _9 _2 . . B
approximately 4 10°" cm~<, which is about three times  gG. 3. (a) The edge current flow and the localized state at the
bigger than the area of the wire itself. Taking this into ac-engrance to the wire(b) The schematic diagram of the Landau

count, we propose a model based on the assumption that th&els structure along the dashed curvéan The arrows denote the
high-frequency oscillations result from resonances associatagnneling between the edge statese the text

with the discrete energy levels of a localized edge state

bound to an impurity potential fluctuation in one of the pre-gram of the Landau levels structure along the dashed curve
contact broadenings, Eig.(:s. The edge states t_hat cary [Fig. 3(a)]. At the highB side of a MR minimum(the Fermi
current through the wire couple with the localized state|g,q| occupies the positioBL), the potential fluctuation does
where they come nearest to[in Fig. 3(a), these are the . nroquce a localized edge state and, therefore, there is no
places where the edge current lines are crossed by the dashed ,,ant hackscattering. As the magnetic field increases, the

curvel. The resonant scattering occurs whenever the t0tgko i jevel enters the shaded region, which denotes a Lan-

flux through the area enclosed by the localized state is equgly, jeve| center elsewhere in the sample, and corresponds to
to a multiple of an elementary flux quantum. From the are

S . ¢ th il t the | % MR maximum. At still higher magnetic field, the Fermi
, We can get an estimate of the spatial extent of the longg, 6| moves into the positioEZ corresponding to the low

range pOteT,gaI fluctuations in.an *@al—XAS/GaAS hetero- g qige of the next MR minimum. In this case, there is a
structure §7°~0.6 um). So big a figure(compared to the localized edge state originating from the upper Landau level

spacer setback or to the average spacing between the Si d ote, that now this Landau level does not form open edge

ant atomg might be explained by the presence in our Stru.c_states; and the electron resonant tunneling can take place as

%reG of Zlusterhke congregations of dopant atoms Mindicated by arrows, Fig.(B). Note that the high-frequency
X281 —xAS. oscillations superimpose on the low-frequency fluctuations

There still remains one more feature of the high-y, .50 symmetrical with respect to MR minima.
frequency oscillations that must be fitted into the model. Un- In conclusion, we have observed quasiperiodic magne-

like the low-frequency component, the high-frequency 0sCily o gistance fluctuations in a guantum wire in the integer

lations can only be found at the lo® side of @ MR o a0y m Hall effect regime. We have found that the Fourier

tmhlm_mum._tTo otur (t:).pllnfllontthlts_ IS |r+c:]|cal;c/||vRe (;)ftthg nFa_ture of spectrum of the fluctuations at the Id# side of a magne-
€ impunty potential fluctuation. 1he ata in Figall . toresistance minimum is markedly different from that of the

testifies that the average potential in the middle of the wire '%igh B side fluctuations. We analyze our data within the

approximately the Same as in the precontqct regions.. Let Yamework of magnetic edge states and propose a possible
suppose that the potential fluctuation that is responsible foﬁwodel that qualitatively explains these resuilts

the resonant backscattering is actually a hollow near the en-
trance to the wire and look at what happens when the mag- This research was supported by the International Science
netic field is varied. Figure (8) shows the schematic dia- Foundation under Grant No. U84300.
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