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Percolation network in a smooth artificial potential
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A percolation network of the edge states in an artificial potential of a gate-controlled antidot lattice has been
studied in a high magnetic field. The longitudinal resistance of the antidot lattice shows a boxlike behavior in
certain ranges of the magnetic field, because of the reflection of the topmost edge state by the saddle potential
between two antidots. The riser between zero and quantized resistance shows a temperature dependence due to
the broadening of the percolation transition by inelastic scattering. The shift of the transition point in magnetic
field with the temperature is found to originate from the mixing between Landau levels due to the inelastic
scattering. It allows us to separate the exponent of the scattering mechanism and the critical exponent in the
localization-delocalization transitiohS0163-182698)00232-X]

INTRODUCTION the magnetic length, and is a correlation length of a ran-
om potential. Within this band quantum tunneling effects

The nonzero longitudinal resistance in the quantum Hal ust be taken into account. In this case the localization

regime is currently understood in terms of percolation . e |-y _712 ; .
through the two-dimensional electron g@DEG along the Ie;r?éhﬁzoc_dé\ﬁ;ggs attz qiintu’n\:\l g?ffgtls &'ayorl:?g?;hgnd
contours of the disordered potential. In a network model ofygrcolation becomes classical. In this case the electron scat-
the electron trajectories, one-dimensional transmission lin€g,rs petween transmission lines, which form the percolation
are connected by saddle points, where scattering or tunnelingyster with a characteristic length, . The size of the per-
between the lines can occliif the electron energyE is  colation cluster diverges according to the universal g
larger than the saddle-point potenti@l,, the electron is ~(E—E.) ~*3.2%In the quantum regime the interference be-
transmitted past the potential hill, wherea£# E. the tra-  tween electron waves is responsible for the localization. It
jectories are repelled by the saddle point, and electrons mowusrings an energy scalk, into the problem, within which the
around the potential valley. However, f&=E. tunneling localization can be considered in terms of the phase-breaking
processes must be taken into account, as electrons can jurtength. A scaling analysis of the diffusive transfcshows
between different transmission lines. At this energy, it is posthat the transition between localized-delocalized states is de-
sible for the electrons to percolate through the sample, leadermined by the condition

ing to the finite resistivity risers in the transition regions

between different quantum Hall plateaus. In other words, lin ™= &loc( Ac) (1)
close toE, there exists a narrow “tunneling” band of width wherelL,, is the phase-breaking length due to the inelastic
A=T(1/\)?, wherel is the width of the Landau level,is  scattering. The second energy scalg can be determined
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from Eq. (1). Because of the existence of the two energysuggested that the interaction between edge states belonging
scales, the behavior of the system should depend on the ratio different Landau levels can result in an effective levitation
A/A; .5 Thus, only forA./A;<1 andk T<<A, is relation(1)  of the energy level"'® The temperature dependence of the
valid, andA. exhibits universal scaling behavi¢in accor- interaction would then shift the percolation point, so that no
dance with the definition in Ref. 5, this is the case of a shortemperature-independent resistance value would be ob-
range potential Otherwise, the width of the conductance served. In order to explain the absence of any universal re-
peak grows linearly with temperatutédowever, for a short-  sistance value at very low temperatures, Ruzin, Cooper, and
range potential, even if the universal scaling condifibnis  Halperin, have suggested that the cause may be small, mac-
fulfilled, the temperature dependence of the transition regiomoscopic inhomogeneities in the impurity potential.

is not universal, but depends on the inelastic scattering: In view of these negative experimental results, and the
theoretical propositions, we have studied the transition be-
|[E—E |~T7*, (2) tween different quantum Hall states, using a sample with a

gate-controlled array of antidots that creates a smooth, ho-
with k= p/»y, Wherep is the exponent of the Scattering mogeneous, artificial Impurlty pOtential. The general behav-
mechanism. Different physical situations and theoretical apior of the magnetoresistance is similar to that of a quantum
proaches predict different temperature dependencies of tHeoint contact, or a sample with a finger gate, in that a suffi-
transition region:(a) x=1/2y, if Lj,=(Dmn)Y2 7,~T 1  ciently large gate potential can reflect the edge state belong-
for diffusive transporf, (b) k= 2y, if 7,~T 2 for Landau ing to the highest Landau level, leading to a quantization of

electron-electron scattering mechanism in clean méfys)  Poth the longitudinal resistance as well as the Hall resistance.
xk=ply, if 7,~T P for electron-phonon scattering mecha- [N contrast to the normaR,, risers, the quantized resistance

nism with p=1—4, depending on the temperature angdisplays two percolgtion transitions instead of one. The onset
magnetic-field rang®” and multifractality of the electron Of the Ry, quantization on the low magnetic-field side corre-
wave function’ In contrast to the case of the noninteracting SPONds to the percolation threshold as the Fermi level passes
electrons, a quantum percolation model with Coulomb interih€ energy of the saddle points between the antidots, whereas
actions gives a dynamical scaling exponent equal fo 1,the high-field transition is the same as that of the Hall plateau
which leads to(d) k= 1/y. Finally, for hopping transport in transition, when the Fermi level passes through the percola-
the short-range scattering cas@) x=1/y has been fion energy fo'r.the unpatterned part of thg sgmple. We find
obtained® Early experiment of the temperature dependencéhat the transitions to the ql_Jan_tlzed angltudlnal resistance
of the transition between two Hall plateaus and the halfShow evidence of energy levitation, which can be accounted
width of the diagonal resistangg, demonstrated a “univer- for by looking at the derivativelR,,/dB. Because the weak
sal” exponentx=0.42+ 0.042° However, later it was found levitation depends. on t_he _mteractlon between two edge
that « depends on the doping level, varying from 0.4 to 8.8, States, t_he present investigation seems to offer a path towards
This nonuniversality of the critical exponent has been inter/Méasuringp and « (and thusy) independently. From these
preted as interplay between different scattering mecharﬁsms_’,“easureme,”ts we conclude that. electron-electron ;catlterlng
or by the influence of the mobility on the electron-phononiS responsible for the smearing of the localization-
scattering. More recently this nonuniversal behavior gf ~ delocalization transition.

has been explained as a transition from a short-range to a

Ipng-range potential regime. In thi§ case 1, so for rea]i;— EXPERIMENTAL DETAILS
tic temperature&T>A,, and the width of the conductivity
peak grows linearly withT, which givesk~1 in relation Two types of structures were investigated. The first con-

(2).° However, firm evidence is somewhat elusive, partly be-sists of GaAs/Al_,GaAs double quantum wellwell
cause the temperature dependence only measures the cowidth, 50 A; barrier widths, 25 Awith a 2DEG of density
posite exponenk, and does not separate the interaction andhs=4x 10" cn? and mobility 70-10& 10° cn?/V's. In
the percolation exponents. these, the small well and barrier widths lead to a large sepa-
The network model also implicates that the transition be+ation between the symmetric and asymmetric energy levels,
tween different quantum Hall phases will result in aapproximately 6 meV higher than the Fermi level in the
temperature-independent, universal value of the conductivitgtructures Er=14.5 meV above the lowest leyeHall mea-
o =€%2h at the critical percolation poirtt In a single- surements and Shubnikov—de Haas oscillations show that
electron picture this result can be traced to the fact that tunenly the lowest, symmetric level is occupied, and the behav-
neling gives an equal probability for moving along any equi-ior of the sample is identical to the behavior of a heterojunc-
potential line connected by the saddle point, but it has alséion 2DEG. Hall bars were patterned on the samples, using
been verified in the fractional quantum Hall regiffi@s well ~ conventional lithography and etching techniques. A lateral
as in Monte Carlo studie. The first correct estimation for superlattice[periodicity 0.4 um (sample A) and 0.5 um
the peak value and the ratio of two successive peaks basésampleB)] containing a macroscopic number of antidots
on the quasiclassical approach has been done in Ref. 1610°) was fabricated in the center of the device between the
However, experimentally no evidence for this universal charpotentiometric probes, using electron-beam lithography to
acter of the magnetoresistance has been found, and insteaghaitern the PMMA resist, which was then covered by a gold
large variation between different samplésven from the gate. The physical diameter of the antidots is prih. The
same wafer has been found at low temperatut®s® In  ballistic mean free path of 0.6—-08m, is larger than lattice
some recent theoretical studies explanations have been gferiodicity. The second type of sample was a single hetero-
fered why the universality has not been observed. It has beesiructure with the same electron density but with higher mo-
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bility (500x 10° cm %V s). This sample €) has a disor-
dered antidot lattice with an average periodicity of 107 (a)
=0.7 um and a mean deviation of the antidots from the pe-
riodical position of 0.2um. Magnetotransport measurements
were carried out in the mixing chamber of a dilution fridge
(T=50mK to 1 K), using standard low-frequency lock-in

techniques at 6.7 Hz, and with an excitation current 10 nA
and lower. A magnetic fiel<<15 T was applied normal to

the 2DEG plane. AN [/\

RESULTS AND DISCUSSION B (T)

R, (he)

xx !

R

A. Resistance quantization 10
. . Or
With zero gate bia¥, the samples reveal the usual quan-

tum Hall effect. However, a =50 mK, when applying a
negative or positive gate voltage, the peaks in the longitudi-
nal resistanc®,, broaden at the low or high magnetic-field
sides, respectively, and exhibits plateaus with the resistance
minima close to zero between them. Figuréa),11(b), and

1(c) show the dependence B, andR,, on B for the three
different voltages for samplA. The R,, plateaus are quan-
tized with the same accuracy as the quantum Hall plateaus 0.0 . . .
(the relative precision in our measurements is approximately 0 2 4 6 8 10 12 14
10~ 3). For all the observed resistance plateaus, the transition B(T)
from zero to the quantized value has the same width as a
width of the riser between two Hall plateaus at zero gate
voltage. Increasiny results in a wider plateau. When mea-
suring the resistance as a function of gate voltage at a fixed
magnetic field, one quantized plateau is observed for each
field (Fig. 2. The resistance starts to be quantizeavgt
>0.1V, for both positive or negative voltages, and remains
unchanged, until, at high negatix, a dramatic, approxi-
mately exponential increase in the magnetoresistance is seen. =6
The threshold gate voltage for this increase is lower for
higher magnetic fields. Fory<—1V the resistance plateau
astwell as the Shubnikov oscillations are completely smeared 00, "4 6 8 10 12
out.

. B(T
All observed plateaus have a resistance value equal to M

h/Le?, whereL is an integer specific for each plateau. The FiG. 1. Magnetoresistance and Hall resistance measurdd at
maximum value oL, which we found for the high-mobility =50 mK for sampleA (DQW with periodicity=0.4 um), for three
sample, is 20 for a negative gate voltage and 24 for a positiveifferent gate voltages(@ V,=0V, (b) V4=—-0.7V, (¢) V4=
V. Itis possible to relate the integerto the number of bulk  +0.6 V.

Landau levels, using the equatfdn

=2

o
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age, all edge states may pass the saddle points if the Fermi
Ry =h/Le?=h/e?(N—M)/NM, (3) level lies close to the first unoccupied Landau level. This is
equivalent to the picture for the quantum Hall effect in mac-
if we assume thaM is the number of levels transmitted roscopic samples with a smooth disordered potential, when
through the antidot lattice. It is then found thdt=N=+1 for ~ the Fermi level lies in between the bulk Landau levels. Be-
positive and negative voltages, respectively, if spin splittingcause of the absence of any backscattering, longitudinal re-
is resolved, andM=N=2 for unresolved spin splitting. sistance is equal to zero. As the magnetic field is increased,
Thus, taking into account whether the spin-splitting is re-the edge states around the antidots start to overlap, resulting
solved or not, we have a situation where either all conductingn a nonzero probability of interedge state scattering. If the
channels can pass the antidot lattider small V), one  saddle point completely reflects the top Landau lefiieé
channel is rejected from the latticRV| sufficiently large to  outer edge state around the antidpthe situation is that
form a plateay or all channels are rejected from the antidot considered for the gquantum point contact in Ref. 20. The
lattice, and the sample turns into an insulatég€ —1 V). It four-terminal resistance is determined by E8). for M=N
is not possible to observe 2,3,4 . channels being rejected. —1 transmitted channels. A positive gate voltage creates
This is verified when sweeping the gate voltage for a fixedquantum dots under the gate contacts, so that the edge states
field. near the sample border move in the same direction as the
It is possible to give a qualitative interpretation of the edge states around the dot, and an inverted saddle point is
boxlike behavior of the resistance. For a negative gate voltereated. It leads to a situation similar to that of the antidot
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FIG. 2. Magnetoresistance for samplgfor a series of different =03
gate voltagesy,=0 (narrow ling, —0.3 V (thick ling), —0.5 V & 02l
(dotg, —0.75 V (thick dasheg and —1 V (narrow dashes mea-
sured afT =100 mK. o1y
0.0
lattice. With no scattering between statéy,, is equal to B(T)

zero. This time a decrease of the magnetic field leads to

overlapping between the states and a strong mixing through FIG. 3. R, as a function of magnetic field of sampke for

the inverted saddle points near the sample border. This situlifferent temperature3 =100 mK to 1 K.(a) V4=0V. (b) V4=

ation has been considered by Haeigal. for the case of a —0.7V.

single thick barrier covering a macroscopic sanfpl@hey

find that for the positive voltag®,,=h/e?> (M —N)/NM, region of the transition between the second and last Landau

whereM is the number of channels under the gated regionlevels atVy=0 (a) andVy=—0.7 V (b). As seen from Fig.

Here, if the saddle points reflect one Landau level inside oB(a) the peak of the resistance at zero gate voltage does not

the dot lattice, an additional state surrounds the lattice. Thusissume a universal value as predicted by thédfyut de-

M=N+1, in agreement with the experimental observationspends on the temperature and shifts to a higher field. The
Because the topmost Landau level with an increasB of plateau inR,y at Vy=—0.7 V [Fig. 3b)] remains quantized

passes the situation from an almost transparent to a nontrangithin the accuracy of the measurement Tor 300 mK. At

parent saddle point, we can use this fact to compare experhigher temperatures it takes on a more rounded shape, with

mental results with a network modeRs predicted in Ref. 1, the peak resistance higher than the quantized value, which

the percolation threshold is equivalent to a network wherelso shifts to higheB. The temperature range for which the

the transmission coefficients of each saddle point is equal tplateau disappears, 300—800 mK, is much lower than the

3. Thus, in the present case, percolation occurs when temperature range for which the quantum Hall effect van-
i ishes in these samples, indicating a different mechanism. The
Er—fiw(n+3)—39uB=eVy, (4)  transition regions from zero to the quantized resistance on

both the high magnetic-field and low magnetic-field sides

whereEg is the Fermi energy at zero fieldw, is the Lan- -
dau energy gapV, is a potential barrier between antidots, gets narrower for_ lower temperat_ure._We_ should en_wphasae
that there is nol-independent points in either the high- or

andguB is the spin splitting. The situation can be compared : . . . -
gu pin spng P low-field side of the transition region, contrary to the predic-

to that of a normal 2DEG, whelg, is instead given by the . ;
afions for a percolation network. As mentioned above, be-

random impurity potential with a zero average value, so th h o ffici for th Land
the percolation transition is exactly coincident with the cen-CaUSe the transmission coefficient for the topmost Landau

ter of the Landau level. In the case where the levels aréevel passes from a value of 0 to 1, at some magnetic field it

I . . . .
spin-split one has to take into account that the positions of equal to;, at wh|c_h pointa ”‘?“’V"fk IS formed._ For an ideal
the levels in a strong magnetic field do not reflect the sepasduare antidot lattice the resistance at this field should be

— 2 ; P
ration of the levels but their degeneracy, and the percolatiofto— /4€”. In the rectangular lattice employed in the ex-

- - . 2 .
transition occurs whehB/e=ng. The energy separation be- pe”.”.‘ems the resstancg is expected td bgwo'%/e SN
tween the two lastspin resolvejis guB. Thus, because the addition to the broadening of any broadening of the transi-

degeneracy of the spin-split levels is a factor of 2 smaller, thd'©" PoInt.

percolation fieldB, is two times larger than for the last spin- As will be dlscus_sed fqrther on, the absence of_the signa-
unresolved levels as can be seen in Fig. 2. ture of the percolation point may be due to scattering events.

In order to recover the percolation point, an analogy with the
quantum Hall effect in a normal sampleithout antidot$ is
made. It has been demonstrated that the maximum of the
To study the influence of the inelastic processes on theesistance riser occurs for the same magnetic field as the
percolation transition we have measured Thdependence of maximum of the slopeR,,/d B.1%4In the present situation,
the longitudinal resistance in the range of the magnetic fieldhe longitudinal resistance plays the same role as does nor-
where a boxlike behavior is seen. Figure 3 sh@®ysin the  mally the Hall resistance, attaining a finite quantized value

B. Percolation transition
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dR_ /dB (he'T)

FIG. 5. Schematic illustration of the current paths through the
antidot lattice. Two edge states are marked with solid lines. A pos-
sible electron path through the lattice is marked with a dashed line,
where scattering events are indicated by a cross.

R, (he?)

change of the saddle barrier potential originates from the
possibility for electrons to scatter through closed loops, thus
bypassing the barrigiFig. 5. The sign of the deviation de-
FIG. 4. (8 dR,/dB vs B for sampleA and for different tem-  pends on the topology of the network. In the present case
peraturesT =100 mK to 1 K. The thick solid lines are Gaussian fits there ardN=1 delocalized anéil= 2 localized states, which,
to the curves. (b) “Renormalized” R,, vs B for T  according to the model, produce a downward shift of the
=100-500 mK. The renormalization process is described in thgyarrier!’ in agreement with our observation. In simple terms,
text. The point ofdRy, /dBpay as found from(a) is marked in the  the scattering of an electron to an internal trajectory rotating
figure with an arrow. around the antidots decreases the probability of scattering
through the saddle point to the other border of the sample.
due to the transmission coefficients being exactly one or zer®o compensate this scattering, it is necessary to increase the
for the different Landau levels. We therefore suggest that thenagnetic field, and therefore the percolation threshold is
maximum of the slopalR,,/dB occurs at the percolation shifted to the higher field. It seems reasonable that this de-
point. Figure 4a) showsdR,,/dB as a function oB, calcu- viation of the barrier is easier to see in the present lattice of
lated numerically for the curves shown in Figbs All hills than in a conventional Hall bar without antidots, where
curves have been fitted by a Gaussian to determine the mavgeattering by impurities is dominant. In a smooth impurity
mum of dR,,/dB. It is seen that the maximum is shifted to potential close to the percolation transition there can be
higher B for higher temperatures. It occurs for a resistancesemiclassical electron orbits around both hills and valleys,
value close to the universal value Ot2B?. It is now pos-  pulling the delocalized states in opposite ways, and resulting
sible to shift the curves, so that the maximum occurs at thén a smaller shift than for the antidot lattice. This may be the
same magnetic fiel@chosen as the field of the maximum of case of the resistance risers fgg=0 [Fig. 3@, see also
dR,/dB at 50 mK). The result of this shift is shown in Fig. Ref. 10, which are shifted towards high& with tempera-
4(b), where, as a result of this renormalization, Ta  ture; however, because the value of maximum resistance also
independent point is now recovered at the low magnetic-fieldncreases, it is not possible to draw any firm conclusions
side[curves at higher temperature with peaks higher than thevhether this shift is connected with “levitation™ effects.
guantized value also cross low-field transition at the same The weak levitation model gives the shift of the saddle-
point, if the amplitude is normalized to the quantized value point height approximately asE~ a?y, where ? is the
but to avoid this double renormalization, they are not showrcoupling constant between two Landau levels, and the
in Fig. 4b)]. We believe that th@-independent point con- characteristic parameter of the saddle point potential in a
structed with this procedure reflects the percolation transitiomigh magnetic field” Figure &a) shows the experimental
of the network formed by the edge states in the antidot poshift of the last plateau with temperature for different values
tential. With the same procedure Taindependent point is of gate voltage. The strong temperature dependence of the
also recovered for different gate voltages, wWih,, varying  shift can be interpreted as the temperature dependence of the
slightly between 0.3 and 0.h2e?. coupling constaniz®. Inelastic electron scattering mecha-
The magnetic-field shiffor energy shift of the saddle nisms can be responsible for the transition of the electrons
point for increasing temperature can be explained by the inbetween different semiclassical trajectories in a high mag-
crease of the scattering between electrons moving along penetic field. As was mentioned above, the change in the trans-
colation lines belonging to the highest Landau levBl ( mission probability AT) through the saddle point is com-
=1) and theN=2 electrons rotating along closed loops pensated by the scattering from the percolation level to the
around the potential hills(antidotg. This shift due to internal trajectory situated around an antidAfT ~A u/u
Landau-level mixing of delocalized states, dubbed “weak~ 7/7,, where u is the chemical potential of the topmost
levitation,” has been predicted recenti{!® The effective level, andris the time for one electron to move along equi-
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Figure 6 shows th& dependence of the percolation tran-
sition shift, which is interpreted as the temperature depen-
dence of the coupling constanB~ a?~ 1/7,,. In this case
7o~T 2—T73. To compare the absolute value of the scat-
tering time, the parameters,=10 meV, andA=0.1um
have been used. We estimatg~4.4x10 s atT=1K.

Two types of the inelastic scattering mechanism may be re-
sponsible for the mixing between levels: electron-electron
(e-e) and electron-phononefp) scattering. For a smooth
random potential X>/") e-e scattering has been calculated
100 1000 in Ref. 23(for T=0) ande-p scattering in Refs. 6, 7, and 24
T (MK) (for T=0).
Let us first consider the-p interaction. It is not clear
o) how to compare the scattering calculations of Refs. 6 and 7
with the measurements; we have instead used the results of
— .ro.4 Ref. 24. The scattering rate for the dominant piezoelectric
mechanism is given 5§

AB (T)

001}

Urep=A(vgr/vg)*(1/h€Q)*ETTHE (6)

whereu, is the sound velocityh QO =27uy(//\)?, andA is
a coefficient containing only material parameters. The tem-
perature dependence7-;Ljp~T*1-86 is close to the observed
0.3 behavior. We estimate,.,~10 *'s, a smaller value than
100 1000 what is obtained in the experiments. However, this may
T (mK) rather be a reflection of the approximate nature of the esti-
mation.
FIG. 6. () Experimental shift of the plateau corresponding to  The e-e scattering rate has been calculated e+ 0, and

the n=1-n=2 scattering, as a function of temperature. Squaress given for electrons with only a small energyabove the
represent the shift for the gate voltayg=—0.7 V; triangles,V Fermi energy b§ﬁ

=-0.5V; and circlesVg=—-0.3V. The dashed and solid lines

indicate_sT2 and T3 de_pendencies@ Depgndence of the slope of Urg=(1lmp)(elAg), (7)

the resistance riser in the transition point between zero and the B 2 oo i

quantized value, as a function of temperature. Squavgs; ~ WhereAg=up(1/\)"and lhp=(e”/)"/Ag. Naively, one

—0.7V; trianglesV4=—0.5V; circles,Vy=-0.3 V. can assume that for thermal electranskT, in which case
75~ T 1, which does not agree with the experimental depen-

potential line from one saddle point to another. In the presenlence. Furthermore, an extremely small value =5

caser~\lvg,, Wherev 4= (c/eB)ug/\ is the drift velocity, x10 ¥satT=1K (rg<7~d/vy) is obtained, even if it is

andug and are the typical value and the correlation lengthassumed that the-e interaction is screened, and reasonable

of the smooth random potential. It should be noted that in awvalues for the parametergg=10 meV and\=0.1um, are

antidot latticeu, can be larger than in a system dominated byused. Such a small value does not agree with measurements

the impurity potential, where it is equal to the Landau-levelusing an electron interferometer in a high magnetic field,

broadening and of the order of 1 meV. From this equationwhere an inelastic scattering time of 18s has been

dR JdB (h/e’ T)

we obtainAT~ 6E/y~ 7/ 7, SO obtained?® However, this naive inclusion of a temperature
5 dependence may not be valid, and further theoretical calcu-
a~ 7T ©) lations, which explicitly take into account thE#0 case,

In order to estimate the absolute value of the deviation of théhay be necessary before a proper comparison with the ex-
saddle barrier the parametgrhas to be known. A typical Perimental data can be done. _ _

value of y can be determined from quantized resistance mea- Recently, another picture of the dynamical scaling at the
surements at zero fielthe parameter of the saddle potential Uantum Hall effect transition was suggestédt has been
wy=4.3 meV) 2 At B=7 T this gives 0.5 meV. Transform- argued that away from the transition point transport is gov-
ing the magnetic-field shift & =1 K from the experiment at erned by Coulomb blockade effect, because in this case
Vy=—0.7V into an energy shift givesE = (AB/B)guB 2DEG can be modelgd as a dense array of the gonnected
=0.08 meV, and hence a coupling constant in the order ofiu@ntum dots. Assuming the new scale length, which is re-
0.15. This value is smaller than unity, as prescribed by th&Ponsible for the temperature smearing of the QHE transi-
weak Ie2vitation model. The results for the resistance platealion authors obtained for the scattering rate the transition

of h/4e® (M=4, N=2; see Fig. 1 where no shift in the T2 PIRIY

percolation transition was found is also consistent with the Al 7in~TITe,  Te~(e7el)"AIT.
model. For this plateau the energy gaphis;, and the shift One notes here that the temperature dependence of the scat-
in the percolation thresholdB= 6E B/# w. is much smaller tering time due to the Coulomb interactions is close to the
than the shift measured between the1 andN=2 levels, observed behavior, in contrast to ET). It is difficult to

even if the energy shift is the same. estimate the Coulomb interaction term in a strong magnetic
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field. Naively, to use parameters for 2DEG we obtef#e| ply that the scattering time;,~L,,, rather thanrin~Lﬁ1. z
~10 meV, which is larger thal'~1 meV, and we should =1 has previously been obtained in dynamic scaling experi-
observe a breakdown of the integer QHE. The scatteringnents where the quantum Hall effect has been measured at
time in this case is equal to 18c, smaller than the experi- microwave frequencie¥,and suggests that the carrier trans-
mental value. Assuming, that the screening parameter in thgort through one-dimensional edge states determine the di-
strong magnetic field is different froB=0 ande?/gl~T mensionality of the broadening mechanism. The vasd
~1 meV, we obtainr,,=10" s, which is close to observed has also been reported in a theoretical study for interacting
value. Thus, we are not able to definitely determine theelectron€ in contrast with the results=2 for the noninter-
mechanism that can play an important role in the inelasti@acting case. It is not clear thatis not changed by Coulomb
transition in strong magnetic fields and at low temperaturesinteractions; however, it has been suggested that the network
Additional arguments obviously are needed to demonstratmodetl is also valid for interacting particlés.
the role of the electron-electron scattering mechanism in a As we mentioned above, recently it was argtfetiat two
strong magnetic field. Below we show these arguments. independent processes with energy transfer—dephasing scat-
The dominant mechanism should also be responsible faering [scattering rate is of ordef (Ref. 27] and inelastic
the broadening of the percolation transition in samples withscattering'scattering rate behaves a$)—lead to the differ-
antidots(here we do not consider electron scattering by elecent effects. Phase breaking time is responsible for the correc-
tromagnetic fluctuation$?’ Figure Gb) shows the depen- tions to the critical conductivityin our case they are negli-
dence of the slope of the resistance riser in the transitiogibly smal). The smearing of the percolation transition is
point between zero and the quantized value at different gateontrolled by charging effects and, consequently by inelastic
voltages. The slope of the riser can be described byBa@s e-e scattering. It leads to the temperature exponent with
for the energy of the percolation transitid™ with a critical =1 in accordance with our experiment. It arises from the
exponentk=0.4=0.1, in agreement with other experiments fact thatTi;1~D|_i;2_ In this case we can conclude that the
for the transition between different Hall platedsThis  scattering mechanism that can be responsible for the mixing
“universal” value would indicate that the potential is short of Landau levels and shift of the transition pointise scat-
range, and thua . /A<1 andkT<A,, as discussed in the tering. Fore-p scatteringr;,~L, and we cannot explain the
Introduction. The second inequality comes about sid¢e critical exponent in the localization-delocalization transition.
~Uy(ZI\)?, and even though>/ (for the antidot poten-
tial) A;=1.2 K atB=7 T. On the other hand, if the magnetic CONCLUSION
length is smaller than the correlation length of the random .
potential, the percolation level should be broadened due to In summary, the present experiment has allowed for a
the finite width of the electron compressible stripés/ery sep:.;\ranon' of the ex_ponept(the temperature dependence of
recently, it was argued that a charge density WE@BW) the inelastic scatt_ermg ragteand the expone_n_t of the tem-
can be a ground state of the Landau I¥eh this case the perature broadening of quantum Hall transitions. The former

narrow transition may be due to CDW pinning in a smoothhas been obtained from the shift of the saddle point w_ith the
potential. In this case there will only be a single electrontémperature, and thg latter from the slope of the resistance

lgelocallzatmn transition. The measurements indicate that
électron-electron scattering is responsible for the mixing be-
fween edge states around antidots and smearing of the tran-
sition.

which agrees with the experiments. Using a valupsf2, as
extracted from the dependence of the saddle-point magneti
field shift (Fig. 5 in the case of electron-phonon scattering
[case(c) abovd, a value ofk=0.86 is obtained, which does
not agree with the direct experimental determinationxof
This apparent contradiction is resolved if the dynamic scal- This work was supported by CNR&rance, CNPq, and
ing exponentz=1. This exponent is equal to the relevant FAPESP(Brazil). G.M.G. was supported by CNPq, and U.G.
dimensionality of the systerf,and a unity value would im- was supported by NFR through the HCM program.
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