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Single-particle relaxation time in a spatially fluctuating magnetic field
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We study Shubnikov de Ha&SdH) oscillations in a nonplanar stripe-shaped two-dimensional electron gas
(2DEG). The effective-field normal to the nonplanar 2DEG is spatially modulated, when uniform external
magnetic field is applied. We find that the amplitude of the SdH oscillations dramatically drops in the tilted
magnetic field. From the Dingle plot of SdH oscillations we extract single-particle relaxation time. Reduction
of this time in the tilted field, which leads to the enhanced damping of SdH oscillations, is shown to be due to
the scattering of the electron by magnetic-field fluctuations. We calculate quantum lifetime of the electron in a
tilted magnetic field. The agreement between these calculations and experimental result is found. In order to
explain the damping of the SdH oscillations for magnetic figld 1 T we also take into account the spatial
variation of the Landau filling factof.S0163-182@99)01008-5

Transport properties of a two-dimensional electron gagjuantum-Hall effect! Thus, the problem can be addressed
(2DEQ) in a random magnetic field have been a subject oto the study of SdH oscillations in a random magnetic field.
much experimental® and theoretical® studies. It has been There are two different characteristic times in a transport
suggested that a system of electrons at half-filled Landatheory-transport scattering timg and single-particle relax-
level can be transformed to the weakly interacting quasiparation time r,, sometimes called the quantum lifetirtfe.
ticles (composite Fermionsat zero-average magnetic field. From a many-body theory the quantum lifetime is related to
Random electrostatic potential due to impurities experiencethe one-electron Green’s function of the coupled electron-
by electrons at zero field produces a local fluctuation of thempurity system and determines the magnitude of the SdH
effective magnetic field. Thus, the transport of compositeoscillations. The scattering time is related to the two-electron
Fermions(CF) is related to the problem of electron transport correlation function that defines the conductivity in the sys-
in a random magnetic field. Second nonuniform andtem at zero magnetic field. For impurity scattering in
weakly modulated magnetic field have been achieved by deAl,Ga _,As/GaAs heterojunction the ratio of the transport
positing patterned ferromagnetic or superconducting filmstime and the single-particle relaxation time was found to be
or attaching of small permanent maghemn the top of 10-100* In random magnetic-field timer, was calculated
Al,Ga _,As/GaAs heterojunction. Finally, 2DEG grown on in Refs. 5—7. Depending on the origin of a random magnetic
the nonplanar prepattering GaAs substrates has been usedfigld, single-particle relaxation rate 7/is diverged’ This
produce nonuniform magnetic fietd. Since orbital motion problem was solved using a quasiclassical approximation for
of 2DEG is sensitive to only the normal component ofthe path-integral presentation of the density of stafesm-
magnetic-field, electrons in such system experience nonunploying this method time-g was introduced into the damping
form magnetic field varied with position, depending on thefactor of the density of states and conductivity oscillations in
surface shape, when the uniform external field is applied téhe presence of a random and uniform average magnetic
the nonplanar surface. All experimental realizations havdield. Transport scattering time in random magnetic field is
yielded interesting transport results. Perhaps it is more imnot peculiar and can be found within the perturbation
portant to compare transport measurements at filling factotheory”® Since the discrepancy is found for the single-
of 3 with the CF picture. However, in spite of the theory particle relaxation time of CF, we perform measurements of
giving an explanation of many observation of Fermi surfaceelectron transport in a spatially fluctuating magnetic field in
features at half filling, there is some difference. In particularthe SdH regime around zero magnetic field. We study 2DEG
magnetoresistance oscillations of &Fwhich looks very  with nonplanar shape. Such system allows us to change the
much like conventional Shubnikov de Haé8dH) oscilla- magnitude of magnetic-field fluctuations varying angles be-
tions, appear to be much strongly damped in comparisotween the field and normal to the substrate surface. We ob-
with theoretical predictioi.The origin of such discrepancy serve a new scattering mechanism for two dimensional elec-
could lay in overestimation of the single-particle relaxationtrons scattering by magnetic-field fluctuations. This
time, which is responsible for the damping of the SdH oscil-mechanism leads to the enhanced damping of the SdH am-
lations, or in the nature of the magneto-oscillations near halfplitude in a tilted magnetic field.
filling. In particular, it was assumed that localization plays a Samples were fabricated employing overgrowth of GaAs
more important role for CF than for electrons, and magnetoand AL Ga _,As materials by molecular beam epitaxy on the
oscillations are originated from the localized-delocalizedprepatterned100 GaAs substrate. In spite of the fact that
states transition in a percolation network like for the integerprepattering consist of lattice of holes, a stripe-like shape of
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FIG. 2. Magnetoresistance as a functionBofor field perpen-
dicular (right axis and parallelleft axis) to the surface. Inset sche-
matic view of sampler=1.5K.

cessed into Hall bars, and the nonplanar surface was situated
on the one side of the Hall basee inset of Fig. 2 The
distance between the voltage probes was 100 and the
width of the bar was 5@m. As was mentioned before, since
2DEG is sensitive only to the normal componenByimea-
suring the resistance for different angles between the field
and the normal to the substrate surface allows us to vary the
magnitude of the magnetic-field fluctuations. If the magnetic
field is tilted away from the normal to the substrate, the
normal component oB can be expressed as

Bn(X,Y,2)=(BVf)/| V], (1)

(c) where gradien® f(df/dx,df/dy,df/dz) is defined for the
surfacef(x,y,z)=0. Let us consider the case when the ex-
FIG. 1. (a) Profile of the sample surface across the stripes meaternal magnetic field is tilted in the direction. For the sur-
sured by atomic-force mi(_:roscop(h) _Magnetic-field profile calcu_- face profile shown in Fig.(®), df/dy~h/d<1, and expres-
Igted_ for the_surface_ pro_ﬂle shown in Figal when the magnetic  gjgon (1) can be rewritten aBy~B sin -+ (df/dy)(B cosd
flelq is tilted |n:he dlrfctlpn pe:pendlcular to the stripes. The qngle_O_SB sin §)~(By)+ sB(x), whered is the angle between the
varies from_ 90° to 10 W|th_10_ step. Bars are the cyclotron d'am'external magnetic field and the substrate plafBy)
eters at different magnetic field§c) Schematic view of the = . .
magnetic-field profile and cyclotron orbits at different magnetic_BSIm9 ISQ the average normal C_om_ponent_BlfAt angles
fields: 1isB=0.4T; 2 isB=2 T, orbits are located in minima and > h/d%l_ , the average magngtlc f|e{8N) !S larger than
maxima of magnetic field fluctuations, 3@s=2 T, orbit is located N Magnitude of the magnetic field fluctuatia?(x). Fig-
between maxima and minima of magnetic field fluctuations. ure X(b) shows the magnetic-field profile when the external
field is tilted in thex direction for different tilt angles. We
the regrown surface has been obtained. Details of the samp#ee that the magnetic-field modulation increases with the
preparation and preliminary results are reported in Ref. 13angle. When the applied magnetic field is quasiparallel to the
Figure Xa) shows the profile of the surface in the direction substrate, at an anglé~h/d~1°, the effective magnetic
across the stripe& direction. We can see both irregular and field becomes essentially nonuniform and sign alternating. In
periodical components in the surface corrugation. The avetthis paper we considered the case wkiBR)> 6B. The Hall
age periodicityd=0.6um is coincident with the antidot lat- voltage of the planar 2DEG was used to measure tilt angles
tice periodicity before overgrowth. The corrugation height with a precision of 1°-2°. The mobility of 2DEG is
varies between 20 and 65 A. The patterned area was 14®00-400) 10°cn?Vs and densityng=5.4x 10" cm 2.
X 140um?. After regrowth, theHEMT) structure was pro- We studied seven samples with identical parameters.
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) ) o FIG. 4. Magnetoresistance oscillations as a function of the
FIG. 3. Magnetoresistance as a function of the magnetic-fieldn,gnetic-field component perpendicular to the substrate for differ-
component perpendicular to the substrate, for different angles op¢ anglesd between the applied magnetic field and the normal to
between the applied magnetic field and the normal to the substratgye supstrate af=1.5K. Solid lines-experimental curves, dashes-
0=90° (thin line), 53 (thick line), 20° (dotted ling, 10° (dashes  Eq (2) with position-dependent oscillations periodicity for the
T=15K. magnetic-field profile shown in Fig.(). From the bottom to the

. top #=90°, 53°, 40°, and 20°. Curves are shifted for clarity.
The results of the measurements for one of the typical

specimen are presented in Fig. 2 for the external magnetiGseq to define a single-particle relaxation time. If the cyclo-
field oriented perpendicular and parallel to the substratgon giameter is smaller than magnetic periodicity, it is still

plane. In the perpendicular field there are SdH oscillationg,ossible to define scattering time due to magnetic-field
followed by well-defined zeroes and peaks in resistance &ctyations® As for the long-range potential, however, we
the integer Landau-level filling factor. In the parallel field shouid take into account that the energy of the Landau level,

pronounced positive magnetoresistance appears. Figure 4 consequently, periodicity of the SdH oscillations be-
shows resistance measured between voltage probes on thg

! mes position dependent. It also leads to the broadening of
nonplanar regiorfvoltage probe 2—-3, current probe 146r  ghypnikov oscillations. Figuresld) and Xc) show the size
different tilt angles. We see that the oscillations in Ryg vs

> > ! of the cyclotron circle aB=0.4T (when SdH oscillations
By plot are not shifted with the angle, which means that theysiart to appearand atB=2T. We can see that aB

. _l .
follow, as expected, (sif) ~ law. However, the amplitude <0 g5T the cyclotron diameter is larger than the average
of the SdH oscillations for nonplanar 2DEG falls down sev-gcgle of the magnetic-field variation. In this case the average

eral tlme's, in comparison wnh9=90°. The amplitude Of_ magnetic field inside of the cyclotron circle does not depend
SdH oscillations in planar 2DEG in the presence of an in-gp the position of electron orbits. At higher field®R2<d/2,
plane magnetic field has been investigated in Ref. 14. Thgowever, the diameter is still larger than the width of the
small (3—5% increase of the effective mass has been foundyansition between maxima and minima of the magnetic-field
at 6=10° due to the distortion of the Fermi contour by the fi,ctuations. Figure (t) shows different orbits located at the
parallel magn_etlc field. In accordance W|th ER) |_t leads 'Fo maxima and minima of the magnetic field. For ortiis the

a small (3%) increase of the SdH amplitude in the tilted 4erage magnetic field inside of the circle is almost constant,
magnetic field, which disagrees with our experimental obseryng we can neglect magnetic-field scattering. However, the

vations. The measurements of the SdH oscillations of theyciotron energy of orbit€2) depends on their positions. For
planar 2DEG with the same mobility and electron density ingpits (3), located between extremes of field, we can intro-
the tilted magnetic field demonstrate that the magnitude ofj,ce single-particle relaxation time due to magnetic-
SdH oscillations does not changeithin the accuracy of  f,ctuations scattering. We can assume that the contribution
10%). Therefore, the observed decrease of the SdH ampligf the orbits(2) and (3) to the conductivity is roughly pro-
tude with the angle in our nonplanar samples can be attribysrtional to the area covered by these orbits. In this case at
uted to the fluctuations of the magnetic field arising from thejgast 5004 of the effect &>1 T should be due to the varia-
surface corrugation, as seen in the atomic force microscopgyn of the single-particle relaxation time. In order to sepa-
(AFM) imagel[Fig. 1(@]. It can be understood in terms of the 46 inhomogeneous broadening and the magnetic-field scat-
scattering of electrons by magnetic-field fluctuations and Nering mechanism aB>1T we have calculated SdH

terms of a macroscopic variation of the Landau-levels filling,gcijiations for position-dependent Landau energy level con-
factor. If the cyclotron diameterR.=2ve/w. (ve is Fermi  sjdering the realistic profile of the magnetic figkig. 1(b)].
velocity, o is cyclotron frequencyis larger than the mag- gyisting theorie¥"16 predict that SdH oscillations in resistiv-
netic periodicity the magnetic field is no longer homoge-jiy should behave as:

neous inside of the circular orbjhowever, the random field
is sufficiently weak that circular orbits persisthich leads AR/R=A(4X/SinhX)exp — 7/ w.7s) cog 27*hing/eB),
to a broadening of Landau levelsThis broadening can be (2
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FIG. 6. (a) Single-particle relaxation time extracted from the
1/BN (1/T) Dingle plot of the Shubnikov de Haas oscillations as a function of
6. (b) Magnetic-scattering time as a function @fsolid curve is fit
FIG. 5. Dingle plot of the SdH oscillations for different angles to Eq. (6).
6. 6=90° (squares 53° (circles, 40° (up triangle$, 13° (down

triangles. Solid (open symbols are resistance minin@axima. ment in the literature about the value of numerical coefficient

A% In Ref. 18 it was argued that the high valuetould
where X=27?kT/hw,, w.=€eB/mc is the cyclotron fre- be due to the presence of inhomogeneities in the 2DEG elec-
guency,m is the effective electron masB,is the resistance tron density. However, it should lead to nonlinear depen-
in zero magnetic field, and is the numerical coefficient in dence of the Dingle plots. The deviation from nonlinearity
the order of unity. Figure 4 shows the experimental and theindeed was observed at a strong magnetic field and was ex-
oretical dependence of oscillatory pa&fR as a function of plained by the formation of quantum-Hall statese«gtr>1,
(By) for different tilt angles. We assume the constant singlewhen AR/R~ 1.2 We did not find beating of the SdH oscil-
particle relaxation time, which is used as an adjustable paations at low magnetic field, which occurs due to the inho-
rameter atV=90°. We also obtain coefficied®t=9 (we dis- mogeneity in the sample. However, probably there is a small
cuss parameteA below). We can see that for all angles undetectable variation in the electron concentratibnr3%

(all magnetic-field modulationand magnetic-field experi- on the different facets of the regrown surface. From analysis
mental value, the amplitude of the SdH oscillations isof the available dat&!’ we conclude that the slope of the
smaller than the theoretical one. We should emphasize hef@ingle plot with a high value of intercept at the infinite field
that if we fit the high-field side of the SdH oscillations with still gives a good value for the quantum lifetime, which is in
theoretical calculations for larger surface corrugation, theagreement with theoretical calculatiofs.

low-field side SdH amplitude is still much smaller than the We find that the slope of the Dingle plot increases in the
calculated one. It supports our argument that the low-fieldilted magnetic field with the same intercept at the infinite
side SdH oscillations should be described by the quantunfield at9>25°. Therefore, the enhanced damping of the SdH
lifetime variation due to magnetic-field scattering. Moreover,oscillations atB<1 T and at§>25° is connected with the
the variation in the periodicity and beating effect at tilt anglereduction of the single particle relaxation time and not with
0<20° is found for theoretical curves, which is not observedthe decrease of the coefficiedt However, at a smaller

in the experiment. AB>1 T the decrease of SdH oscillation angle,A starts to decrease and approaches the valaé at
amplitude can be attributed by the position dependent of th&=12° (Fig. 5). This behavior indicates the change in the
Landau levels for electron orbit®) and by the quantum- transport mechanism at small angles, when magnetic field
lifetime decrease for orbit&3) [Fig. 1(c)]. Therefore, at least fluctuations are comparable with the normal componeiit of
atB<1 T we can analyze amplitude of the SDH oscillationsFurther, we are restricted on the results obtained>ag5°

in terms of the single-particle relaxation time. This time canand B<1 T. Figure &a) shows single-particle relaxation
be determined experimentally from E@). If the logarithm  time as a function of anglé for the nonplanar structure. We
of amplitude, corrected by the thermal-damping factor, i.e.see that in stripe-shaped 2DEG, quantum lifetime drops in
IN(AR/4R) (SinhX/X) is plotted against B (Dingle plo),  two times. The drop ofr with the increase of the parallel
the slope gives . Typical Dingle plots for magneto- component of the magnetic field could be due to the addi-
oscillations measured at different tilted angles for both nontional scattering mechanism of the electron. In the parallel
planar are shown in Fig. 5. We see that the Dingle plots aréield the amplitude of fluctuation8B increases and leads to
well described by straight lines, assuming an effective masthe additional electron scattering. Assuming the individual
of 0.067m, [from the T dependence of SdH oscillations we scattering mechanism to be independent of one another,
obtainedm=(0.07+0.01)m.]. However, we observe some which means that the inverse of the total scattering time is
differences. Not only was it required that the Dingle plot bethe sum of the inverse of the individual on@datthiesen’s

a straight line, but also with the correct intercept resultsule), we extract the quantum lifetime due to the scattering
at 1B=0, A=1. In our case we obtain for the nonplanar by the magnetic-field fluctuations,= 7s7¢/(7s— 79), Where
2DEG A=7-9 for different samples. High values & 7, is the quantum lifetime due to impurity scatteriiig,
=4-6 has been obtained in planar 2DEG with very high= 74 at §=90°). Figure Gb) shows the dependence gf, on
(1f cn?/V's),2 and low mobility!” There is still disagree- the angle. We see that 6t=20° time ,, is comparable with
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single-particle relaxation time due to impurity scattering. Itpotential® However, in our case, magnetic-field fluctuations
means that magnetic scattering becomes a dominant mechéB are proportional to the applied magnetic field. The aver-
nism in the nonplanar structure at smaller tilt angles. age of the square of field fluctuations is given BB?

As we mentioned above, quantum lifetime in a random~ o?B2¢/R., if é<R., and 6B~aB, if £>R,, wherea
magnetic field has been calculated in Refs. 5 and 6. It was-h/d. Thus, in the low magnetic field we have
considered in large part due to its relevance for the fractional
guantum-Hall effect. It is generally accepted that the com- AR~exp — mlwTyy), (5)
posite Fermion particles in fractional quantum-Hall effect
regime moge in a smooth random magnetic—field poétlentialwhere
The theory predicts dependenceAR~exd —n"/(w7)], o~ 2.2
wherer is a quantum lifetime of quasiparticles. The theoret- Vrm=Ca’wptlve, ©)
ical model of electron transport in random short-range magwg:(w%g/z)(mc/epo)'{ C is the numerical coefficient of
netic potentialin the presence of an additional uniform mag- order of unity. In the strong magnetic field
netic field has been reported in Ref. 5. It was obtained that
AR~exd —7?/(wn)?]. We see that the predictedBt/ and AR~exf — m/(wemm)?], (7)
1/B? dependencies of the Dingle plots are different from the
behavior of the conventional SdH oscillations in a random-Where
impurity potential[Eq. (2)]. In the case of nonplanar stripe-
shaped 2DEG we use the results of the quasiclassical ap- Urn=am®?E mcl(2edq). ®

proach for conductivity in the random magnetic fiéftiwe Therefore, it is expected that at low field the Dingle plot

assume that in spite of the magnetic field created by thenouid have B dependence followed by B? dependence

lattice of lines being periodic due to the large irregularity in o¢ 5 higher field. This situation is very similar to the impurity
the position and heights of these linésg. 1(a)], and due to  3n4om potential. As was mentioned in Ref. 6, the damping

impurity potential(carrier is scattered in a random directipn - cqetficient for conductivity oscillations can be rewritten as
the electrons will experience a “random” magnetic field. exp(—¢?), whereo is a random phase acquired by the par-
This assumption is supported by the AFM image and thgjcie moving along its classical trajectory. In the random
following observation. In the low magnetic field magnetore-magnetiC field, this phase is equal F’B/2B2 [Eq. (4)]

sistance reveals an additional peak, which reflects interplay i, is proportional to the magnetic flux through the cyclo-

of the cyclotron radius and the periatiof the superlattice o, gircle. In the presence of the smooth impurity potential,
[Fig. 3]: 2R.~2d~1.2um. Such kind of commensurability ;s phase factor is given b{w?)~e?E2t2, whereE is a
oscillations have been observed in Ref. 1, when nonuniforrpandom electric field, and~ 27/ w, is the time spent by

) C

and weakly periodically _modulated magnetic field_s haVethe particle on the trajectory. For random impurity poten-
been realized by depositing patterned ferromagnetic or Sz V(r) with correlator (V(r)V(r"))=(U2/&2)exd—(r

perconductor stripes on the top of samples containing a—r’)2/§2] we have (?)~(UNt2/E2. If £<R,, (U?)
’ . C

2DEG. In spite of high-electron mobilitymean free path is ~U2¢IR., and we obtainAR~exp(—m/w,ry), where 1f
C C ’ S

larger than 5um), the amplitude of peaks in our samples is _ 2 ; 2\ 1]2 2
much smaller than observed in Ref. 1. The irregularity in the U2/v,:2§. zon the other hand, iE> R, <U2> U (%)

" . oS o ~U%(Ews), therefore AR~exfd —7/(w.7)°], where 1f
position and heights of the surface modulation is responS|bIe~U/ D f "I d calculati for the h t° t ¢ .tﬁ.
for the small amplitude of the commensurability oscillation. ¢. Detalled calculations for the heterostructure with im-

Irregular stripes in the external magnetic field produce “ran—pur't"':‘S located at distanag; from 2DEG (remote impurity

dom” magnetic field with small amplitude fluctuations and doping”® give the results
constant average background. Small fluctuations will not
change Landau quantization; therefore, conventional Landau
levels are formed in accordance with the value of the average

AR~exf — (1B8)(ml we1s)?],

magnetic field. From the quasiclassical appr8abke ampli- hl7s=Er/(2keds), ©)

tude of the conductivity oscillations is given by: where =2 for R.<d; and B=1 for R.<ds, ke
_ =(2mng)Y? Eg is the Fermi energy. For typical heterostruc-

o~ReexgisS/h), 3 tures d.=0.02-0.06um and for ng=(1—5)x 10t cm2

where S= [pdl=BA#/d,, Aszg, ®,=hcle. If B,=B R.=0.1-0.2um at magnetic fieldB~1 T. Therefore, be-
+ 5B, where B> 3B, the expression for actio® can be low some critical magnetic field, the Dingle plot obey8 1/

rewritten as,S- F/B,~F/B-+F 9B/B2+O(s8), whereF  dependence and at a higher field changes & epen-
:ZWZmZUIZZCZh/(eZq)O). SUbStltUUng this approximation in ence. However, as we mentioned above, In experiment de-

' viations of the Dingle plot from the B/line at a higher field
Eg. (2), we find is connected with formation of the quantum-Hall state. In our
o~cog SIh ) exp — F25B2/2B%). (4) samples with nonplanar 2DEG all Dingle plots of SdH oscil-

lations at6=90° and in tilted field are lineafFig. 5. It
Equation(3) shows that the dependence of the oscillationsmeans that we have short-range magnetic-field scattering in
amplitude onB has an oscillatory part and the damping ex-our case, as we discussed above. At magnetic Betdl T
ponent. Thus, we obtain the samé&4/dependence for the we haveR.<d/2, and the situation is more complicated, be-
Dingle plot of the conductivity oscillations as was predictedcause we should take into account inhomogeneous broaden-
for composite Fermions in the long-range magneticing of Landau levelgFig. 4). However, we also observeBL/
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dependence of the Dingle plot Bt>1 T. Further theoretical 6(b) shows the fit of Eq(6) to the experimental results with
study is necessary to explain this behavior. adjustable paramete€=3. Considering the approximate
Before we calculate the single-particle relaxation time in acharacter of our calculations, the agreement is good.
random magnetic field, we compare results with quantum In conclusion, we have studied Shubnikov de Haas oscil-
lifetime due to impurity scattering. We obtaims=2.7 lations in stripe-shaped 2DEG. When placed in an external
X 10" *3s for nonplanar 2DEG and>310 !3s for the planar magnetic field, the effective field normal to the nonplanar
structure. At the same time, theoretical estimation accordin@DEG is spatially modulated. Because of the small height of
to Eq. (9) gives the value 2810 s for d;=200A. Nu-  the stripe, and consequently, field fluctuations, Landau levels
merical results including homogeneous background dopingre formed in the quantized magnetic field, and magnetore-
gives 7,=3.8x10 ''s at acceptor doping leveNA=5  sistance reveals conventional Shubnikov de Haas oscilla-
X 10" cm 2. As we mentioned above, the transport scat-tions. However, particle moving along different trajectories
tering time , which is related to the conductivity at zero gain random phase due to magnetic-field fluctuations. This
magnetic field, should be 10-100 times larger than singlephase eads to the damping of SdH oscillations, which can be
particle relaxation time in the system with long-rangepterpreted as magnetic scattering. We separate two different
potential:**" The analytical resufit is scattering mechanisms—magnetic and impurity scattering by
#l 7= Ep 1(2kedg)®, (10) rqtating sample in the extgrngl magnetic field. Fro_m the
Dingle plot of the SdH oscillations we extract the single-
and using Eq(9) we get the ratior,/7s=(2keds)®. The  particle relaxation time. When the magnetic field is tilted
nume4r|cal_3 calculation for the dOE'?lg leveNA=5  away from the normal to the substrate, magnetic scattering
x10**cm™® gives the valuer;=1.1x10"""s, Wh'Chf'lSl N time decreases because the amplitude of the magnetic field
excellent agreement with experimental value X140 ™'S.  g,cryations increases in parallel field. We find that the rela-
Thus, we obtain the ratie, /7= 38.5, which is close to the tively small fluctuations of the magnetic fieldeveral per-
numerical (/ 7s=30) and analytical £,/ 7s=50) theoretical  cans of the averag®) lead to a strong scattering, which can
values. This agreement supports our assumption that frofge 5 dominant scattering mechanism in a two-dimensional
the Dingle plot we extract a reliable quantum lifetime. Forsystem. AB>1 T, the spatial variation of Landau-level en-

the estimation of the theoretical valuenf due to magnetic-  grgy also leads to the additional damping of the SdH oscil-
field fluctuations, we should know the average amplitude Ofgtions.

these fluctuations, which is possible to find from the realistic

surface profile[Figs. 1a) and ib)]. We calculate single- We acknowledge E. Mucciolo for helpful discussions.
particle relaxation time using Ed6) with a=(5B)/(By)  This paper was supported by RFFI Grant No. N 97-02-
extracted from Fig. (b) and assuming thag~d/2. Figure = 18402-a and FAPESP and CNFBrazilian agencies
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