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Width dependence of quantum lifetimes in GaAs/AlGa; _,As heterostructures
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We have studied the channel width dependence of quantum lifetigpésr equivalently the quantum
mobilities uq=er,/m*) for samples with the widthes of 2—50 um fabricated from three GaAs/fba _,As
wafers.uq estimated from the amplitude of Shubnikov—de Haas oscillations is found not to be affected by the
asymmetry of Shubnikov—de Haas peaks and the boundary scattering observed in narrow samples. However,
the two- to one-dimensional crossover occurringvatL; (thermal diffusion lengthleads to the reduction of
Hq- In addition, we have also carried out similar measurements with the sample illuminated with a red
light-emitting diode. The results obtained from the illuminated samples confirm those from the unilluminated
samples[S0163-182606)00624-9

[. INTRODUCTION stant andvg is the Fermi velocity, the electron-electron in-
teractions cross over from 2D to fDThese features ob-
In the transport theory one must deal with two differentserved in narrow samples may influenCeand 7, so we
characteristic times—a quantum lifetinisingle-particle re- have investigated the channel width dependenceoby
laxation timg 7, and a transport lifetime;, . 7, is related to  measuringr, of samples withw=2-50 um and presented
the two-electron correlation function that defines the conducthe results in this paper.
tivity and is given by
o=Ngep,= NSeZT"/m* , 1) II. EXPERIMENTS
In order to study the channel width dependence of quan-
tum lifetime 7, six-bridged Hall bars with different channel
widths w=2-50 um but the same voltage-probe space
L=100 um were fabricated by standard photolithographic
related to the half-widt of the broadened Landau level €Chnique from three different GaAS@ai*XAS (X:O'?’.)
through I'=7%/27,. For a short-range scattering potential wafers grown b_y molecular-beam epitaxy, _the detalls_of
such as a Si metal-oxide-semiconductor field-effect transisto\fthCh are given in 'I_'able |. The chem|_cal efching was carried
(MOSFET) 74 and 7, are approximately equalbut for out F’y |.mme_rS|pg. samples In a  reagent of
GaAs/Al_,GaAs heterostructures, where the dominant 3P Qi:H20,:H,0=1:1:20 for 30 s. Sincéy IS Iarger than 2
scattering mechanism is the long-range scattering associat for all wafers, we expect to obsgrye a d|menS|ongI cross-
with the ionized donors which are spatially separated fronP"V€" aT<4.2 K The transport mOb'“ty‘“ was determined
the 2D electron gas and which produce predominantly small” ™ ”_1? zero-field resistivityo with Ns _obtamed from the
angle scattering® , can be considerably greater thﬁp3‘5 periodicity of the low-field SdH oscillations\ and w,, are
Several studies of 7, have been reported in almost the same fow=4 pm, but forw=2 um they are
GaAs/ALGa,_,As heterojunctions with differentN, and slightly d_ecreasgd. The magnetoresistivity measurements
1,375 and in narrow wire§& However, the channel width Vere carried out in &He cryostat equipped with a supercon-

dependence of, has never been systematically investigated.
In high-mobility narrow samples, where the mean free path
often exceeds the sample width the magnetoresistivity is
affected by the boundary scatterfngnd the asymmetry of

whereNq is the two-dimensional2D) sheet carrier density,
Wy is the transport mobility, anth* is the electron effective
mass, whereas,, which is determined by the one-electron
Green'’s function of the coupled electron-impurity systeis,

TABLE I. Sample parameters and the thermal diffusion length.

Ns (10 m™2) g, (M?Vs) SpaceA) Ly (um)

the Shubnikov—de Haas(SdH) spin-split peaks is wafer | 3.3 100 200 9.3
observed:!° Furthermore, if the sample width becomes lesswafer II 31 62 300 7.1
than the thermal diffusion lengthL; defined by \afer i 29 30 170 4.8

Ly=m(AD/kT)Y2 whereD=1/2v 27 is the diffusion con-
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FIG. 1. The magnetoresistivily,, at T=1.5 K as a function of FIG. 2. The quantum mobility. at T=1.5 K as a function of

the magnetic field for the samples having various widthgafer ~ channel widthw for the samples from wafer (O), wafer Il (O),
I). The inset is the plot op,, vs B for the sample withw=4 um and wafer I1(V), and for the samplegvafer |) illuminated with a
(wafer I), where the dashed curve represents the data of the sampted LED (®). The arrows indicate the thermal diffusion lendth
cooled in the dark and the solid one the data of the sample illumigiven byL =7 (#D/KT) 12 whereD is the diffusion constant and
nated with a red LED. v is the Fermi velocity.

ducting magnet and the standard low-frequency lock-in techoscillations forw=10 um and obtained almost the same
nique was used with }01 <50 nA at 33 Hz. The sweeping values ofu, for w=10 um as shown in Fig. 2. This con-
rate of the magnetic field was such that there were typicallfirms thatu, is not affected by the asymmetry of SdH oscil-
1000 data points within 1 T. lations. On the other hand, the samples from wafer Ill, which
Quantum lifetimesr, have been determined from Dingle has relatively low mobility, exhibited no sawtoothed SdH

plots!! The amplitudeAp of the SdH oscillations is given peaks even fow=2 um.
by* Figure 3 shows the magnetoresistivity, at T=1.5 K

againstB? for the samples with 2 w=30 um (wafer ). For
Y - w=30 um p,, is linear toB? in the range of & B2<0.1 T2
Ap=4p, Sinhy exr{— vl (2)  This parabolicp,, has been explained by the conductivity
e correction due to the electron interaction effcEor w< 10
where py is the zero-field resistivityw. the cyclotron fre- um, on the other handp,, changes its slope arourig;,
quency, angy=27’kT/f.w, . If the logarithm ofAp divided ~ whose value increases ag decreases. Choi, Tsui, and
by 4pox/sinhy is plotted against B, the slope gives % Palmateét have observed similar behaviors and suggested
directly with an intercept of 1. However, the actual measurethat the drop ofp,, below B, is attributed to the boundary
ments give the magnetoresistivity consisting of the purelyscattering and th@? dependence op,, aboveB, to the
oscillatory component of the magnetoresistivity and the  electron-electron interaction. It implies that the boundary
background which is quadratic B and which is believed to Scattering plays an important role in narrow samles: 10
be associated with electron-electron interactitriherefore  «m), while it is negligible in wide samples. In order to in-
we extracted the purely oscillatory componeyt from the  vestigate whether the boundary scattering affecfsor not,
data by using the Fourier-filtering technique and estimaged we have estimated., of the samples wittw=10 and 30

using Eq.(2). pum. As presented in Fig. 2, two samples have approximately
Ill. RESULTS AND DISCUSSION T T T T T y T T
20 @M o zum

Figure 1 shows the magnetoresistivjiy, at T=1.5 K as kX VYOO : ; Z:l
a function of the magnetic fiel® for the samples having KX T vy, fela,, . v 10 pm
several widths(wafer I). For w=30 um, the asymmetric 19 1= ’o,s‘g re.,, fea,, »80um
SdH peaks are observed as reported by oth¥tsyhereas —_ Bgooo,, e, .. feal
the typical SdH oscillations are found fev=50 um. Al- % SIS oo, 7T
though the asymmetric SdH oscillation has been suggested to & 18 %o “een, . TTves, v' M
be due to the edge-state transpdrsince 74 IS closely re- i °°ooo ‘oo, . M
lated to the half-width of the broadened Landau level, we *o0q, o ‘e.,
have calculated, for w=30 and 50um and presented the 177 wafer 1 %00, 3]
results in Fig. 2, where the quantum mobiljy, is obtained P T T TR °o
from 7, via the relationuq=er,/m* (m*=0.069m,). Al- 0.00 0.02 0.04 0.06 0.08 0.10
most identical values of., are found for both samples, in- Bz(Tz)

dicating thatu, may not be related to the origin leading to
the asymmetric line shapes of SdH oscillation. In the FIG. 3. Plot of p,, vs B? at T=1.5 K for the samples with
samples from wafer Il we have found the asymmetric SdHvarious widths(wafer I).
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FIG. 4. Plot of IfAp sinhx/4pyx] vs 1B at T=1.5 K for the

2 _ . .
samples with various widthevafer ). FIG. 5. Plot of py, vs B= at T=1.5 K for the illuminated

samples with various width@vafer ).

identical values ofu,, suggesting that, is not influenced _ . _ )

by the boundary scattering. If the boundary scattering is effeasurements using the sampleafer )) illuminated with a

fective whenw is smaller than or comparable to the cyclo- "®d LED. Eheﬁzlllummatmn increasedNs and x, to

tron radius given byl,=#ke/eB, whereke is the Fermi Ns=4.4X10°m™2andu,=183 nf/V s, respectively. In the

wave vector, the effects of boundary scattering may diminisHnset of Fig. 1, the plot ofp,, vs B is displayed for the

in the magnetic field range where the SdH oscillations apllluminated sample witw=4 um. On the contrary to the

pear. Then, no influence of boundary scatteringugnmay unilluminated sample, the sawtoothed SdH oscillations are

be understood. IndeeB, in Fig. 3 is roughly proportional to NOt observed even fow=4 um. When the samples were

1Aw, althoughB, is larger tharikg/ew. illuminated with a red LED, only the sample with=2 um
Above B, the slope ofp,, vs B? is nearly constant for exhibited the asymmetry of SdH peaks. .

w=8 um, whereas fow<6 um the slope becomes steep  Figure 5 shows the plots ¢f,, vs B for the illuminated

with decreasingv. SinceL; of wafer | is about 9.3um and samples(wafer |). Similarly to the unilluminated samples,

it is known that the slope of,, vs B? is inversely propor- the drops ofp,,, which are caused by the boundary scatter-

tional to the width in 1D, while the slope gf,, vs BZ is  INg. are found fow=10 um. However, the slope gb, vs

independent ofv in 2D 2 the change in the slope @f, vs B aboveB, shows different behaviors from the unillumi-

B2 below 8 um is considered to result from the dimensional "ated samples. On the contrary to the unilluminated samples

crossover from 2D to 1D. Wafers | and Il have also exhibitedhich show the transition in the slope pf, vs B* at around

similar changes in the slope pf,, vs B2 aboveB, for w<6  W=10uminFig. 3, the slope 0p,, vs B~ in the illuminated

and 4 um, respectively. Similarly to wafer I, the values of Samples is nearly constant far=4 um. This implies that
w=6 and 4um are comparable tb; of each sample. the effective width may be increased by illumination so that

Figure 4 shows the Dingle plots of A, sinh x/4pox] the dimensional crossover occurs at the narrower width. For
vs 1B atT=1.5 K for the samples with various widtiiwa- ~W=6 um ug of the illuminated samples represented by the
fer 1). The straight lines are obtained and their interceptdilled symbols in Fig. 2 is nearly independentwf while for
converge to a value which is slightly larger than 1. ThisW=4 um uq decreases with decreasing This confirms
indicates that they are “good” Dingle plofsin Fig. 2 the that the boundary scattering does not influepceand the
channel width dependences of at 1.5 K are shown for the reduction of,qq |s_aSSOC|ated Wlth_ the 2D-to-1D transition
samples fabricated from wafers IIll. The filled symbols in &/though thgz illuminated sample with=4 um, whose slope
Fig. 2 represent the results of the samplesfer |) illumi- O Pxx VS B aboveB, is almost the same as that of=6
nated with a red light-emitting diodé.ED), which will be M, Shows a smaller value of, than the illuminated
discussed later. For all samples, decreases with reducing samples withw=6 wm.

w below Ly, while u, is approximately independent of

abovel ;. The comparison with the results in Flg. 3 suggests IV. CONCLUSION

that the reduction of., for w<L; may be ascribed to the

dimensional crossover from 2D to 1D. As far as we know, The width dependences @f, (or equivalentlyr,) were

tq has not been calculated in 1D, where the screened Courvestigated for the samples withi=2-50 um fabricated
lomb potential describing the interaction between an electrofrom three wafers. We have observed the asymmetric SdH
and an impurity may need to be modified, so that the reducpeaks in narrow samplés/<30 um for wafer | andw=10

tion of u, for w<Ly cannot be explained quantitatively. um for wafer 1) and the drop op,, near the zero field due
However, sinceu is sensitive to all scattering events, unlike to the boundary scattering fav<10 um. However,u is

uy Which is independent of the scattering angle, and thdound to be almost constant for the samples having channel
scatterings are more restricted in 1D and 2D, it is speculatedidth larger tharL; (9.3 um for wafer I, 7.1um for wafer
that u,/uq may be larger in 1D than 2D. I, and 4.8 um for wafer Ill), implying that neither asymmet-

Besides the above measurements performed with thec SdH oscillations nor the boundary scattering affagt
samples cooled in the dark, we have also carried out th8elow L, however,u, decreases with reducing. Since
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the dimensional transition from 2D to 1D is expected to oc-because of the increased effective width by illumination.
cur atw~L+ and the slope op,, vs B? aboveB, shows the However, u, estimated from the illuminated samples exhib-
1D characteristics fow<Ly,° the reduction ofu, is con- its similar behaviors to that of the unilluminated samples.
sidered to be due to the dimensional crossover from 2D to

1D. In addition to the above measurements, we have also

carried out the measurements with the samplesfer |) il- ACKNOWLEDGMENT

luminated with a red LED. In the illuminated samples the

dimensional crossover is observed to occur at the narrower This work is supported by the Ministry of Science and
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