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Envelope of commensurability magnetoresistance oscillation in unidirectional lateral superlattices
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The envelope of the commensurability magnetoresistance oscilldieiss oscillationhas been studied for
lateral superlattices prepared from two-dimensional electro2JaEG) wafers with varying mobilityx and
spacer-layer thicknest,. When the 2DEG has a high enoughand a large enougdls, the envelope is well
described by the formula given by Peeters and Vasilopoulos in a first-order perturbation[fPlegsy Rev. B
46, 4667 (1992.]. For smalleru or dg, the oscillation diminishes faster than the formula at loBeiThe
damping can be accounted for by an additional factor of the foirw\B) ]/sinf{ 7/(uwB)]. The parameter
mw is found to be proportional to the mean free patlof the 2DEG, and the coefficient of proportionality
increases witldg. The magnitude ofy,, as well as its dependence dgand the electron areal density,
is close to that ofug, the mobility corresponding to the total scattering time.

[. INTRODUCTION multiplied by 1/(27?), over which the values of R, differ
by a, so that the periodic structure is smeared. This is remi-

A two-dimensional electron ga®DEG) under unidirec- niscent of the expression that appears in the thermal damping
tional potential modulation—a lateral superlattitesSL)—is ~ Oof the Shubnikov—de Haas(SdH) oscillation, kgT.
well known to show oscillatory magnetoresistariieiss ~ =[1/(27%)Jfiw, the only difference being the factakg/2.
oscillation® as a consequence of commensurability betweedt Semiclassical theory aiming at the same target was also
the cyclotron diameter R.=2/%ke /eB and the perioca of  developed. The drift velocity vq=(ExB)/B? of the elec-
the LSL, wherek- = y27n, denotes the Fermi wave number, T0NS under ~a modulated  electric  fieldE(x) -
with ng the areal density of the 2DEG. Quantum-mechanicag(1/|e|)dv(x)/dx was averaged over a cyclotron orbit,

. : . _ anslated into conductivity through Einstein’s relation, and
theorles treating the .modulatlo‘vi(x)—Vocos(2nx/a) as & further translated into resistivity. The flatband conditié&.
first-order perturbation were developed by several

authors?— The theories show that the main contribution to (1] is obtained as a condition for quenching the averaged

the magnetoresistance oscillation results from the “band!Mit velocity vg, highlighting the classical nature of the phe-
conductivity”: the width of the Landau bands, lifted from nomena. The oscillation amplitude is also the same as Eq.

degenerated Landau levels, oscillates vBthresulting in an (1.2, apart from the factoA[T/To(B)]. The factor is miss-

oscillation of they component of the group velocityy mgBSol?r::eJgitthrﬁ?r;ye::rﬁ:rtﬁcg:]gn;ﬁzr?1iglez;sses.ical theories have
=<?EN,ky/haky, with EN,ky=<N,ky|V(x)|N,ky) (calculated d

) successfully reproduced the experimental positions of
from the unperturbed wavefunction of théh Landau level  minima given by Eq(1.1). It has been known for some time,
and her;ce of the conductivityr,,. The resistivity p.x  however, that the experimental amplitude of the oscillation
~ayyloy, oscillates accordingly. Resistivity minima occur does not necessarily conform to formiia2). It often shows

at the condition when the Landau band collapdgband 5 more rapid damping at a higher indexi.e., at a lower

condition, given by magnetic field(see, e.g., Ref.)7 It is not only a matter of
interest to clarify the degree of deviation and the mechanism
2R, =n— E (n=123...). (1. responsible for the deviation; this is necessary knowledge for

a 4 accurately obtaining the magnitudé, of the modulation

, B . . from the oscillation amplitude. In fact, a naive application of
Peeters and Vasilopoufbgave an asymptotic expression Eq. (1.2 leads to a smaller value of, when picking up

for the oscillatory part of the magnetoresistance, valid if theamplitude from a higher index oscillation.

Landau quantum numbeX is large enough at the Fermi In the present paper, we show that a LSL with sraaihd

energyEr= mA2ng/m*, with m* the electron effective mass V, doesfollow Eq. (1.2) very well, if the mobility u—and

(a condition fulfilled at low magnetic fields where Weiss jance the mean free path—and t,he spacer layer thickness

oscillation is actually observex d, of the 2DEG wafer from which the LSL is prepared are
2R large enough. For smalldr and/ordg, the deviation from

)Sin(ZTT—C). (1.2)  the formula becomes noticeable. We will show the depen-

dence onL and dg of the parametej,y, characterizing the
deviation.

A% 7L
po 2 a

Ta(B)

n=V,/Eg, u is the mobility,L=7%kgul/e is the mean free
path, and A(x)=x/sinh§). The thermal damping factor
A[T/T,(B)] is determined by the ratio of temperatlel to
the energy kgT,=[1/(27?)](ake/2)hw., with Lateral superlattices were prepared from several 2DEG
=eB/m*. The latter energy represents the energy spreadyafers|conventional molecular-beam-epitayiBE)-grown

Il. EXPERIMENT
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TABLE |. Parameters of lateral superlattices measured.

Sample ID nrsnin a Mmin a nrsnaxb Mmaxb ds d a
(10" m™?) [m?/(Vs)] (10" m™?) [m?/(Vs)] (nm) (nm) (nm)

H 2.0 69 2.3 79 40 90 115
M1 2.2 56 2.7 72 40 90 115
L 2.5 19 3.0 28 40 90 115
C 2.6 34 51 101 20 70 115
M2 2.2 66 2.7 85 40 90 105
S1 4.5 42 - - 114 25 80

S2 4.3 17 - - 114 25 70

aMleasured in the dark.
BMaximum values measured after successive illumination.

GaAs/AlGa, _,As single heterostructurgsvith varying u was prepared. However, for smal] the oscillation ampli-
andd,. The parameters of the LSL's measured are tabulatetide was too small to bear a reliable quantitative analysis.
in Table I. The depttd of the heterointerface from the top Therefore we limit our analysis to the results froen
surface includes a 10-nm GaAs cap layer, a 40-nn=115 nm LSL’s(samplesH, M1, L, andC) in the follow-
Al,Ga,_,As layer uniformly doped with Si[(2-5) ing. The relatively smalh allowed many oscillations up to
X 1074 m*3], and an AlGa_,As undoped spacer layer high indexn (typically n=3-15) to be observed. A potential
with thicknessd for samplesH, M1, M2, C, andL. For ~ modulation was brought about by differential contractions
samplesS1 andS2, a specially designed shallow 2DEG with between the resist and the wafer itself when the device was
5-doped Si layét was employed. As shown in Fig. 1, two cooled from room temperature down to 4.2 K, the tempera-
serial Hall bars were prepared on one device, onto one dpre at which measurement was made. The strain, thus intro-
which a grating made of a high-resolution electron beanfluced, piezoelectrically couples to the 2DEG, and causes
(EB) negative resistcalixarene derivativ® was placed to Mmodulation in the 2DEG plan®.In order to maximize the
introduce potential modulation. The other Hall bar was usec®ffect, the(110 direction was selected as the direction of
as a reference. With this procedure, a LSL with a periognodulation.* Even so, the modulation amplitude was very
down toa=70 nm, that shows a clear Weiss oscillation, small: as will be described latev, was around 0.05 meV, or
less than 1% oEg . We attribute this to the small effects, the
strain and/or Fermi energy pinning, of the resist we have
chosen, and also to the smallto d ratio. A smallV, was
quite favorable for validating a perturbative treatment of the
modulation. By comparison with the reference Hall bar, we
have verified through Hall and SdH measurements that the
grating did not bring about any deterioration @for change
in (the averageng, in spite of the very high dose required
for the EB resisf ~7 mC cm 2 (Ref. 9].

The magnetoresistance measurement was carried out with
a standard low-frequency ac technique at 4.2 K. Such a high
temperature was deliberately chosen in order to kill the SdH
oscillation in the field rang€0.1-0.4 T of present interest.

Ill. RESULTS

Figure 2a) shows magnetoresistance of a LSL, santfle
and of its unmodulated counterpacontrol), measured after
illumination by light. From these raw data, the oscillatory
part is extracted in the following procedure. As a first step to
eliminate the slowly varying background, the resistivity of
the control sample was subtractfig. 2(b)].*> Then the
upper and lower envelope curves were found as spline curves
tangential to the upper and lower bounds of the trace, respec-
tively. The average curve of the two envelopes was sub-
tracted from the trace as a remnant backgroLfid. 2(c)].

The resultant oscillatory part is in an excellent agreement

FIG. 1. Schematic diagram of a device with a scanning electroVith Ed. (1.2), as shown in Fig. @). For the theoretical
microscopy image of the grating&70 nm). Darker areas repre- Curve, only the value o¥/, was used as a fitting parameter,
sent the resist, and brighter areas the bare GaAs surface. Brigad wasVy,=0.041 meV. Similarly, traces for sampld
lines are the edges of the resist. without illumination, and for sampl& 1 with and without

reference
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FIG. 2. (a) MagnetoresistancéMR) trace for sampléd measured after slight illuminatiope=79 n?/(V s) andng=2.3x 10" m~2.
Also shown is the MR for the adjacent unmodulated Hall antrol). (b) Thick line: difference between the LSL and control. Thin lines:
upper and lower envelopes and their averdgeOpen squares: oscillatory part of the MR obtained by subtracting the average of envelopes
[thin line in the middle of(b)] from (p— pcontro)/po [thick line in (b)]. Line: theoretical curvéEq. (1.2)] with V;=0.041 meV. The
positions for flatband conditiofEq. (1.1)] are also shown by short vertical lines with their indiceqd) CalculatedA[T/T,(B)], with
ak:/2=6.8 andT=4.2 K, the values for the present measurement.

illumination, did not display any noticeable deviation from surement shown in Fig. Z3kr/2=6.8; henceTl,(B)=6.9B

Eq. (1.2 with Vy=0.041, 0.050, and 0.045 meV, respec-(in T) K, which is even smaller thafi=4.2 K at 0.1-0.4 T.
tively. (The values ofVy shown here might possibly be un- As a result A[T/T,(B)] is much smaller than unity and has
derestimating the modulation amplitude by factor of roughlya strongB dependence, resulting from tiB2dependence of

2. See Sec. IV.In contrast to what was reported so far, we T,(B), at the magnetic field range of inter¢see Fig. 2d)].
have shown that Eq(1.2) can, under a certain condition, It is obvious that without the factor, an experimental damp-
correctly reproduce the experimental trace. It is worth pointing of the oscillation has not been reproduced. Our measure-
ing out here the important role played by the factorment sheds light on the importance of the factor
A[T/T4(B)]. This factor was often neglected in semiclassi-A[T/T,(B)], and also reconfirms the validity of the factor
cal theoretical treatments,including those published from a viewpoint different from that of Betoet al.
recentlyr*>!* since they considered, at least approximately, ~Although we have seen that E(L.2) describes experi-
only T=0. This factor is also not taken into account in ex- mental traces of the Weiss oscillation very well, we cannot
perimental papers concerned with the envelope of Weisexpect this to be true regardless of the quality of the LSL.
oscillation’®~*" The validity of the factor, nevertheless, was Theorie$® did not take into account the collision of elec-
experimentally verified by Betoat al,’ even before the pa- trons that scatters electrons away from the cyclotron orbit
per by Peeters and Vasilopoufdby measuring the tempera- before it completes a cycle. Therefore, the theories apply
ture dependence of the oscillation amplitude witfixed B only for LSL’s with high enough mobility so that the mean
[Their B dependence, however, did not follow E.2.] free path is much longer than the cyclotron circumference. In
When akg/2 is large andthereforg@ T,(B) is much larger fact, our sample., the LSL fabricated from a 2DEG with
than the measuring temperatdreA[ T/T,(B) ]~ 1, allowing  low mobility, showed a deviation from EL.2), as shown in
the factor to be ignored. But since our present LSL’'s haveFig. 3(@). The growth profile of the 2DEG wafer, including
relatively smalla andng, akg is not so large. For the mea- the thickness of the spacer layed,), the silicon-doped
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<
g

=7/P, obtained from the fitting, however, is much smaller
than p calculated from the zero-field resistivityy: ww
=6.1 nf/(Vs) and 4.8 M/(Vs), to be compared with
=24 n?/(Vs) and 62 i/(V s) for Figs. 3a) and 3b), re-
spectively. Note the difference in the ratigy/w; the ratio
for the latter is much smaller. This will be discussed later.
Thus, to describe our measurement, Ef2) needs to be
modified to include another damping fac#®j=/(uwB)] as

ApSse 2R
&zA(L )sin(27r—c).
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As shown in Fig. 3, Eq(3.1) reproduces the experimental
_ ' % traces. Whernuyy is large, Al w/(uwB)] tends to unity; for
0.2 0.3 0.4 ww greater than about 20 4#(V s), Eq.(3.1) is practically
0015 B (T) indistinguishablg from Eq1.2) at 4.2 K. Samplesl andM 1
are also described by Ed3.1) with large enoughuy .
Therefore Eq(3.1) is not inconsistent with the observation
of Fig. 2.
0.005 To see the dependence of our damping paramefgon
the mobility i, we successively illuminated samplzwith
an infrared light-emitting diode, and gradually increasgd
andu. The evolution of oscillation envelope is shown in Fig.
4. As can be seen, the experimental trace becomes progres-
sively closer to Eq(1.2) with the increase ofx; wuy, that
gives the best fit to Eq.3.1), increases withw. It is impor-
tant to point out that the second and third traces, which show
clear deviations from Eq(1.2), have comparable, even
higher mobilities than samplé$ andM 1. Apparentlyu,y is
—— Eq. (3.1) not determined solely by.
~0.0109 () The values ofu,y giving the best fit are plotted in Fig. 5
o1 ' 0'2 ) 0'3 ) 0'4 ) 0'5 for the four samples as functions of the mean free path
' ’ ) ) ’ =fikgule. As can be readily seen, the plots can be divided
B (M into two groups, one with LSL’s prepared from a 2DEG with
FIG. 3. MR traces for LSL’s that display deviations from Eq. ds=40 nm(samples., M1, andH), and the other from a
(1.2) (thin lines. (a) SampleL with x=24 n?/(Vs) andng=2.7 2DEG with dg=20 nm (sampleC). The error bars in the
X 10" m?/(Vs). (b) SampleC with =62 n?/(Vs) and n,  figure represent the uncertainty of the fitting to the function
=3.3x10" m?/(V s). Also shown are curves calculated from Eq. P, /sinh(P,/B). For largeuyy, i.e., for smallP,, the function
(3.1 (thick lines, with parameters that give best figy=6.1 and  tends toP;B/P,. It then becomes difficult to determirig;
4.8 nt/(Vs), respectively. The inset shows plots of the maximaand P, independently, resulting in the large error bars
and absolute values of the minima vd81/along with their fits to  shown. Within each grougy,y is seen to be nearly propor-
P, /sinh(P,/B). tional to L. The coefficient is about four times larger for the
first group. The ratio is, probably fortuitously, the same as
Al Ga, _,As layer, and the GlglAS cap layer, is designed identhe ratio ofd;. Therefore, the values gi,y replotted as a
tically to samples{ andM 1. Another LSL which showed  fynction ofk-d2u fall on a single line(numerically approxi-
a noticeable deviation was sam{ild Fig. 3(b_)], which has a mately,uw=[1/(2773a§)]k,:d§,u, with aX=10.2 nm the ef-
smallerd; than samplesi, M1, andL (the thicknesses of the  ¢oqtive Bohr radius in GaAsMore significantly, the magni-
other layers are the same\ccording to a recent evaluation 4o of pw is close to that ofug, the quantum mobility,

of the semiclassi_cal Boltzmann equatidna factor of the obtained from a Dingle analysis of the experimental SdH
form A[m/(uB)]=[m/(uB)]/sin{m/(uB)] should be in- 005 This implies that smail-angle scattering plays an im-

cluded in Eq.(1.2) to account for the effect of scattering yotant role in the damping of the Weiss oscillation, as wil
mentioned abovévhen assuming isotropic scatterin§rom  po Giscussed in Sec. IV.

Eg. (1.2), then, the amplitude oA p37{pAlT/Ta(B)]1} is
expected to be proportional to 1/sjati(uB)]. In the insets
of Figs. 3a) and 3b), we plot the amplitude of
ApST{poA[TIT,(B)]} (the absolute values of minima and It is well known that for a GaAs/AlGa, _,As 2DEG, the
maxima as a function oB~ 1. We tried fitting to the func-  (transport mobility x=er/m* is often higher than the quan-
tion P, /sinh(P,/B), with P, and P, as fitting parameters. tum mobility uo=erq/m* by an order of magnitude, where
The result of the fitting is also displayed in the insets, show-r and 7o represent the momentum-relaxation time and the
ing reasonable agreement with the d&tahe valueu,, total scattering time, respectively. This is because small-

o
=

o
e
S

|Ap“m./ [po AT/ T.)]|

O experiment
Eq.(1.2)

IV. DISCUSSION
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-0.010 FIG. 5. Plot of u, for samplesC, L, M1, andH vs L
F 1 =hkeule (solid symbol. The error bars represent the uncertainty
0.005 . A 3 2B of the fitting to the functiorP, /sinh(P,/B). Two straight lines that
iRy ¢ 4 pass through the origin are the fits to samples vadts-40 nm
2 0000 (sampled., M1, andH) and to sampl€ with ds=20 nm, respec-
§Q tively. Also shown by open symbols are, obtained from a damp-
< 0,005 ing, exy —m/(ugB)], of the SdH oscillation.
~0.010 removed from these formulas. They showed, as mentioned
0,005 -‘ earlier, that the factor that should be included is
[#7/(uB)]/sinH #/(uB)] for an isotropic scattering model, a
model that does not take the difference betwgeand uq
< 0000 into account. In a more realistic Iong-r_ange ra_ndom scatter-
& 4 ing model, they showed that the factor is modified by replac-
g ing p  with  w*=ue/{l1-[1+puq/u(L/a)?(2m)?
: (uB)?] 3. Its approximate formulas can be expressed as
0005 follows: at low field B<B,=m(L/a)\2uo/un?, ApSdpo
o 1/sinf 7/ (ugB) 1~2 exd — m/(ugB)], a similar formula to
04 02 03 04 that of Betonet al, but without the factoB; in the middle
B (T) field range B,<B<B,=w(4L/a)?¥(2u), Ap2ip,

xexd —2m°L%(a?u>B%)], similar to Paltielet al, but again
Flcls. é. I_Et\r/]olution (frqm t'?lp to btc_)tton)\ (::] the M? tra(;:el_ Orf]t without B. The erroneous inclusion & can lead to a factor
sampie Wi successive lliumination wi an nfrare | - i i i i
emitfing diode.u [in mM?/(V s)], ng (in 10" m™2), and uy the?t of ée?u(r)r\]/i(ra]gestgmozlijtlrogxc‘))ﬁé?ir!:e:]hg I(;v;/](jlgld E:uasiﬁ ;

. . . 5 1 2 g pw IN
gives the best fit to the experimental trdgem*/(V s)] were(from 1000 of, 7'in the above calculation fall in between 0.7—1.2
top to bottom 62, 3.3, and 4.§the reproduction of Fig. @]; 72, do 9—(2?5 T, respectively. Both fields are relatively large
3.5, and 6.4; 80, 4.1, and 7.7; and 101, 5.0, and 12. and £.9-2.o 1, resp Y y 1arg

owing to large values df/a, and for most of the samplé&,

is even larger thaB,. The field 0.1-0.4 T where the Weiss
angle scattering by remote ionized donors, one of the maigscillation is observed may, therefore, be classified in the
scattering processes in the system, contributes much less &orementioned low-field regime. Thus the oscillation ampli-
the former. Nevertheless, it was pointed out by severajyde is, according to the theory by Mirlin and We, ex-
authoré**~*®that small-angle scattering should be consid-pected to be proportional to 1sinH(uoB)], implying that
ered as a s_cattering that scatters electr_ons away from_ theur equalsug . This is not inconsistent with the obser-
cyc!otrqn trajgctory, and affects the amplitude of the Weissyation in Fig. 5;uw and uq are in reasonable agreement,
oscillation. Without scattering p,37po>B, apart from the  although a discrepancy is seen, especially for sa@ptethe
B dependence of the facté T/T,(B)] [see Eq(1.2)]. Be- intermediate mean free paths. We believe the discrepancy to
ton et al” suggested that an exponential factor should beesult mainly from the limited validity of the values pfy .
included so that\ pRy7 poc B exd —w/(w'B)], with their ex-  The Dingle analysis of the SdH oscillation has been known
perimentalu’ consistent withuq . Paltiel et al,’® on the  to be quite vulnerable to even a slight inhomogeneity af
other hand, proposedl?uexp(—BS/B3) dependence which ex- The inhomogeneity manifests itself as a curvature in the
plained their experimentand also recent experiment by Dingle plot and/or a deviation of the B/ 0 intercept from
Long et all’) well. These formulas are more or less of em-the theoretical value “4,” owing to destructive interference
pirical nature, multiplying additional damping factorBo A  of SdH oscillations with varying frequencié$.The effect
more rigorous treatment of Boltzmann equation by Mirlin usually makes the slope of the Dingle plot appear larger;
and Wdfle,!* however, showed that the factBrshould be hence the resulting.o smaller. The degree of inhomogene-
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0.010 . trema of ApS7{poA[T/TA(B)]} (see the inset of Fig.)3

Sample G with »=+2aP;/(LuP,). For each sampley decreases
Serple L with ng faster thamg *«E£*. This presumably reflects the
Sample H increase of screening, which diminishes the efficacy of the
N perturbation brought about by the grating. Prior to the
present study,, was usually obtained by using E¢L.2),
a . often neglecting the factoh[ T/T,(B)], and by picking up
0.0044 ., the oscillation amplitude of the lowest indexi.e., the high-
est field(see, e.g., Ref. 17 The values ofy thus obtained
- are identical to ours provided that the damping is completely
0.002+ o negligible (A[T/T4(B)]=A[ #/(uwB)]=1), the condition
20 25 30 35 40 45 50 55 usuallynotfulfilled. In general, using Eq3.1) instead of Eq.
n (10° m™?) (1.2 has the advantages () taking into account the damp-
’ ing that has already occurred even at the lowest index, and
FIG. 6. Plot of # as a function ofn,. Possibly the correction (2) obtainingz is common to all the indices. However, the
factor of /u/ uy should be includedsee the text for details possibility that the present treatment still underestimates the
_ _ ) ~value of  cannot be completely ruled out. In obtaining Eq.
ity can vary between wafers or between different illumina-(3.1), we rather arbitrarily just multiplied the Eq1.2) by
tion conditions. It is possible that after slight illumination, f5ctor Al 7/(wyB)] as a natural extension of the equation.
before the saturation ddX-center excitation, inhomogene- Although this procedure successfully explains Belepen-
ities become more pronounced. However, it was not possiblgence of the oscillation modified by themall-angle scat-
to quantitatively estimate these and other effects which chakering, it might be argued that the scattering also reduces the
lenge the reliability of the values g@f, mainly because our amplitude by multiplying Eq(1.2) by a factor independent
experimental Dingle plot was taken from rather narrow fieldof B, In fact, the theory of Mirlin and WWile requires the
range of 0.5-0.9 T_, where a SdH oscnlatloq was observed ahc|usion of another factopo/u into Eq. (3.1 (with wy
4.2 K. Another point that_suggesﬁswz Kq is the depen-  replaced byu,, in the equatiopn Identifying our wy, with
dence ofuy on ds. Coleridgé® showed that bottu and pq, the resultant amplitude should be altered fromto
g, and also the ratig/ uq , increase withds for smallds, "=, /7 - Numerically, the correction factor is roughly
experience maximum at a certalg, and then decrease. The 5 ¢, samplesH, M1, andL, and around 3 for sampl€.
value ofdg that gives the rr_1axir_num values depends on theangther independent way to estimateis desired to know
background acceptor densily, in the GaAs channel. For \yhich equation is the correct one. Positive magnetoresis-
the estimatedN, for our 2DEG,ds=20-40 nmisstillinthe  (ance(PMR) at the low field& is often used for this purpose.
increasing regimeuq. Therefore,uq should be larger for  ynfortunately, owing to the smallness of the modulation am-
ds=40 nm. Conversely, we postulate, the relatipgfyy  plitude, PMR was very small, sometimes totally unobserv-
= uq., then the measurement of Weiss oscillation dampingyple, for our present samples, and therefore cannot be used
may provide an alternativeprobably more robustmethod  for a reliable analysis. Our recent experiment usimagnetic
for determininguq . LSL with controllable modulation amplitud® suggests,
Our finding of the damping factoA[7/(uwB)] is In however, that;’ overestimates the amplitude by comparison

quali}gtive disagreement with Paltiedt al’® and Long  with the modulation amplitude estimated from PMR.
etal™

; none of our traces show a reasonable fitBiexp

(—88/83). The reason for this is not clear at pres&nft V. CONCLUSIONS
least in Ref. 16, the values of, u, ug, anda are similar

to ours. Therefore botB, andB, are almost the same, cat-
egorizing the sample of Ref. 16 into the low-field regime of
Mirlin and Walfle. One possible explanation for the discrep- - . . _ .
ancy is the difference in the modulation amplitidg The pw=~1.6x10 3kedZu (with k.F n nlm'l ar'ldds in nm). For
modulation amplitudes of Refs. 16 and 17 are orders of magl_arge enough,t_LW, Eq. (3.1) is _|nd|st|ngU|s_habIe from Eq.
nitude larger than ours. The potential modulation is inevita\ -2 Comparison of the damping factor with recent thebry
bly accompanied by a position-dependent electron densitU998Staw= sq, Which is notinconsistent with our experi-
and hence by a position-dependéat. The effect is not mental,uQ._Thls implies thz_it scattering event_s, regardless _of
taken into consideration in perturbative calculations at allth® scattering angle, contribute to the damping of the Weiss
but can affect the amplitude of the Weiss oscillation, espe®Scillation. To establish a more precise relation betwgen
cially in the lower field, as is the case with the SdH oscilla-2nd the oscillation amplitude, it might be necessary to in-
tion. However, it is beyond of the scope of the present papef!ude an additional constant factor in E@.1), which is a

to evaluate this effect. problem that requires further study.

Finally we address the issue of the magnitude
=Vy/Eg of the potential modulation that can be deduced
from our present analysis. The values»ptierived by fitting This work was supported in part by a Grant-in-Aid for
the experimental traces to E(.1) are plotted against the Scientific Researctil0740142 from the Ministry of Educa-
electron areal densitgg in Fig. 6; actuallyn was obtained tion, Science, Sports, and Culture, and also in part by a grant
by fitting the functionP, /sinh(P,/B) to the plots of the ex- from the Foundation Advanced Technology Institute.

0.008 *

baeon

0.006
=

We have shown that E¢3.1) reproduces the oscillatory
part of the magnetoresistance very well. The parameigr
was found to be proportional th, and numerically was
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