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Spin-dependent transport in a quasiballistic quantum wire
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We describe the transport properties of a.Brlong one-dimensionallD) quantum wire. Reduction of
conductance plateaus due to the introduction of weak disorder scattering is observed. In an in-plane magnetic
field, we observe a spin splitting of the reduced conductance steps. Our experimental results provide evidence
that the deviation from conductance quantization is very small for electrons with spin parallel and is about 1/3
for electrons with spin antiparallel. Moreover, in a high in-plane magnetic field, a spin-polarized 1D channel
shows a plateaulike structure close tog/® which strengthens witincreasingtemperature. It is suggested
that these results arise from a combination of disorder and electron-electron interactions in a 1D electron gas.

Using electron beam lithography, one is able to patterrmpaper, we present experimental results on the transport prop-
the surface of a GaAs/AlGaAs heterostructure with submi-erties of a 5um quantum wire. In such a regime the weak
cron Schottky gates. By negatively biasing the surface gateslisorder within the system reduces the conductance steps be-
one can electrostatically squeézéhe underlying two- low quantized units in 8/h. In an in-plane magnetic field,
dimensional electron ga@DEG) into various shapes. The we observed a spin splitting of the conductance plateaus, as
most noteworthy success of this technique is the experimerexpected. Recently Kimura, Kuroki, and Adkhave pro-
tal realization of a one-dimensiondlD) channel — by using posed that in a dirty Luttinger liquid, a reduction of spin-

a pair of “split gates, ! it is possible to define a 1D channel antiparallel conductance occurs. That is, due to the electron-
within a 2DEG? If the elastic scattering length is longer than electron interactions, the conductance for spin-antiparallel
the 1D channel length, transport through the channel is baklectrons is smaller than that for spin-parallel electrons. We
listic and one observes conductance plateaus quantized #hall show that our results are consistent with their model.
units of 2e2/h.3* Although 1D electron transport has been When there are more than one 1D subbands occupied in the
studied for more than a decade, most experimental resulghannel, our data further suggest that the electron transmis-
can be explained within a single-particle picture without con-sion probability through a long quasiballistic channel shows
sidering electron-electron interactions and spin effects in ®scillating behavior with electron spin species. Moreover,
1D system. It is only more recently that a “0.7 structure,” below the first spin-polarized conductance step, a plateaulike
evidence for possible spin polarization caused by electronstructure close to 0e8/h strengthens withincreasingtem-
electron interaction$ has been extensively studied. Part of perature.

the reason may be that in a clean system the conductance is The split-gatgSG) device (5um long and 0.8um wide)
independent of the electron-electron interactions and it is dewas lithographically defined, 300 nm above the 2DEG. The
termined by entrance and exit reserv§irs. noninteracting  2DEG has a carrier density ob3L0™ cm™2 with a mobility

1D system should show either ballistic quantization or have &f 7.5x 1P c?/V s after brief illumination with a red light
conductance decreasing to zero with increasing length anemitting diode. Experiments were performed in a pumped
decreasing temperature due to localization. On the othefHe cryostat and the two-terminal conductar@e-dl/dV
hand it has been suggested that the interaction is observables measured using an ac excitation voltage ofu0 at a

in the presence of backscatterihgp called a dirty Luttinger ~frequency of 77 Hz with standard phase-sensitive techniques.
liquid, but excess disorder may remove all semblance of 10The in-plane magnetic field; is applied parallel to the
transport. source-drain current. To check for an out-of-plane magnetic

It is well known that as the length of a quantum wire is field component, we measure the Hall voltage. From this we
increased, the effect of disorder within the wire is enhaficedknow that the sample was aligned better than 0.1° using an
and backscattering in the channel is increased, resulting inia situ rotating insert. In all cases, a zero-split-gate-voltage
crossover from ballistic towards diffusive transport. In this series resistance due to the bulk 2DEG is subtracted from the
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FIG. 1. G(Vsg measurements when the channel is laterally

shifted by differentially biasing the two halves of the split gates.  FIG. 3. G(Vgg) at various applied magnetic fields parallel to the

From left to right:AVse=—0.5V to +0.5V in 0.1 V steps. The 2DEGBy. From left to right:Bj=0 to 11 T in 1 T steps. Curves are

measurement temperature was 0.3 K. successively offset by 0.01 V for clarity. The zero-split-gate-voltage
conductance at variou, as shown in the inset, has been sub-

raw data. In the literature, it has been shown that there is afiacted from the raw data. The inset shows the zero-split-gate-
additional series resistance between a 1D channel and buye!tage conductance as a function Bf. The measurement tem-
2DEG° Three different samples at four cooldowns showPerature was 0.3 K.

similar behavior and measurements taken from one of thesgaces. These resonances are believed to be due to potential
samples are presented in this paper. ~ fluctuations near the 1D chanrfellhe scattering potential
Impurities in the spacer layer can give rise to potentialyithin the channel does indeed vary when the 1D channel is
fluctuations® near a 1D wire. This effect could cause non- moved laterally as the strength of resonant features changes,
uniformity of the quantum wire confinement potential, lead- 55 jllustrated in Fig. 1. Nevertheless, note that conductance
ing to a microconstriction, a narrowest region in the channelyateau deviations from their quantized values are always
To check whether conduction through a 1D channel is domigpserved in all 11 traces. However it is noticeable that the
nated by a microconstriction, one can laterally shift the conpateaus are reasonably intact, showing that the scattering is
duction cha_nn'e%. When the channel is moved away from & \yeak and does not vary significantly with the Fermi energy
mlcroconstrlc_thn, the conductance—spllt-gaye-voltage pinchg producing a semblance of plateaus. In this paper, we con-
off characteristics would show large variations because Ofentrate on the case where there is no potential difference
the sudden disappearance of the extra confining potential dyssnyeen the two halves of the SG.
to impurities which causes the microconstriction in the chan- Figure 2 shows conductance—split-gate-voltage character-
nel. We now show that it isotthe case in our long quantum jsiics G(Vg) at various temperaturég With increasingT,
wire. Figure 1 show&(Vsg) when we differentially bias the  ihe feature close to 0:82e2/h and resonant features gradu-
two halves of the split gates. In this case, the 1D channel ig)\y disappear. The first three conductance plateau values
laterally shifted by+57 nm*® It is evident that the pinch-off i rease and approach multiples a2 at the highest tem-
voltages show a linear dependence of the voltage diﬁerencﬁeratures. In a shorter wire £3n), clean conductance pla-
between the two halves of the split gate. Also, resonant feagy4ys close to multiples ofe/h are observed. With increas-
tures and conductance plateaus show gradual evolution &Sy temperature, the conductance plateaus become less well
the channel is moved laterally. This demonstrates that trangjefined due to thermal smearing. Nevertheless, the midpoints
port through the channel rotdominated by a narrow region f the conductance steps remain close to multiplesesft2
in the channel. As shown in Fig. 1, resonant features supety pigh temperatures. This effect is not related to the reports
imposed upon conductance steps are clearly observed in @t jecreased plateau values. For example, recently the role of
electron injection into V-groove quantum wires has been
studied** It has been shown that the observed reduction of
ballistic conductance steps is due to poor coupling between
the 1D states of the wire and the 2D states of the reservoirs.
This mechanism may account for the reduced conductance
plateaus observed in cleaved edge overgrown quantum wires
studied by Yacoby and co-worketswhich is entirely dif-
ferent from the spin-dependent effects previously repctted.
We now turn our attention to the reduced conductance
plateaus as a function of magnetic field applied parallel to
the 2DEGB) . It is well established that a larg® lifts the
electron spin degeneracy as demonstrated by Whataah®
causing consecutive spin-paraliglarallel toBy) and spin-
ol antiparallel(antiparallel toB|) conductance plateaus in mul-
B A (V')3'3 3.2 tiples ofe?/h.*® Figure 3 shows5(Vs) at variousB| . With
s¢ increasingB|, the splitting of the conductance steps can be
FIG. 2. G(Vgo) at various temperatureE as illustrated in the seen and the spin-split conductance step values are some-
figure. what lower than multiples o&%/h. It is worth mentioning
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FIG. 4. The difference in conductance between the-{)th Vsa (V)
and the nth 1D conductance stepAG(n)=G(n)—G(n—1),
wheren is the spin-split subband index.

—_
IN

[

= G(n) - G(n-1)] (in e¥/h)
o
"]

G (in units of 2e2/h)

[AG(n)

(=]

FIG. 5. G(Vgg) for B at various temperaturek From left to
right: T=0.3, 0.363, 0.391, 0.429, 0.483, 0.542, 0.611, 0.680,
0.752, 0.832, 0.920, 1.01, 1.07, 1.16, 1.28, 1.46, and 1.60 K. Curves
are successively offset by 0.01 V for clarity. The data were taken at

that the feature close to 0®e?/h, believed to be due to
the second cooldown.

resonant transmission through an impurity poterttiaf
gradually disappears with increasirig). This result, to-
gether with the data shown in Fig. 1 when the feature close
to 0.8<2e?/h gradually turns into a resonant peak as thenounced at higher temperatures due to thermal broadening.
channel is laterally shifted, shows that at zero magnetic fieldtHowever, a plateaulike structure close to & /% becomes
one needs to be careful in ascribilgy feature close to more pronounced withincreasing temperatures. Also the
0.7x2e?/h observed in a 1D channel to the “0.7 plateau” structure approaches @%h at the highest temperature. The
extensively studied by Thomas and co-workefhe zero-  reason for this unexpected behavior is not fully understood at
split-gate-voltage conductance shows a monotonic decreag@esent but we speculate that strong electron-electron inter-
with increasingB|, as illustrated in the inset to Fig. 3. This actions might play a role in this.
effect is due to the diamagnetic shift of the 2DEG. The oscillating, spin-dependent transmission probability
As clearly shown in Fig. 3, aBj=11T the conductance which we observed is in striking contrast to the behavior of a
does not show steps in multiples ef/h. We now use a short, “point contact” ballistic channel where the quantiza-

different view which reveals a striking behavior. Figure 4o js always in units o&%h regardless of spin orientation.
now shows the difference in conductance between the midy, the |atter case, theory shows that due to mixing of the

p(;]lnts of_ cor?secuti\k/)e stefps yal"k?(;)D: Gk()?)) —(§S(n— 1) o reservoir and channel states there can be no electron-electron
wheren is the number of spin-split 1D subbands occupied.;yeraction-enhanced deviation from the quantized values.
Forn=1, AG(1) is simply the conductance step value. ForHowever, Kimura and co-worketshave considered the

= - . . . .
n<6, an oscnlat.mg hehavior is ewdept _AG(U) ap Tomonaga-Luttinger liquid when backscattering occurs; they
proaches a quantized valueafih whennis an odd integer, . S . . :
. o . find that this mixes with the interaction to produce a conduc-
and shows substantial deviatiofup to 1/3 from a quantized . .
tance dependent on the Fermi energy and hence a spin state

value ofe?/h whenn is an even integer. For=6, the con- ithouah it is still ising th : lel elect di
ductance steps are less pronounced and the striking oscilldt; 10Ugn 1L 1S SUH SUrprising the spin-parafiel electrons dis-
play a quantized value. Recently it has been suggested that in

ing behavior gradually disappears. Assuming th&t(n) re- X i .
flects the transmission probability for tmgh spin-split 1D  he Tomonaga-Luttinger regime charge density wave forma-
gn can give rise to a fractional charge behavfbihe re-

subband, then these experimental results suggest that tH ' ) ) i
spin-parallel electrons have almost a full transmission prob_sults _here are consistent with the spm—a_nnparallel electrons
ability (1009 through the 1D channel whereas the Spin_showmg a quantized conductance but with the value of the
antiparallel electrons have a much lower transmission probfundamental charge reduced. We note that we cannot at-
ability (~65%). The semblance of the observed 1Dtribute the spin-dependent behavior to any spin-dependent
conductance steps, together with the observed weak resongifiattering at the entrance and the exit to the channel as it is
features in our weakly disordered 1D wire, suggests that ouabsent from short devices of the same heterostructure mate-
device is in the dirty Luttinger liquid regime. If this is the rial and the effect is reproducible despite a change in sample
case, then our experimental results are consistent with thend channel location.
model proposed by Kimura and co-workérslote that in In summary, we have performed low-temperature mea-
their model they only consider a two-batgpin-parallel and surements on a quasiballistic quantum wire. Our results sug-
spin-antiparallel electronsTomonaga-Luttinger liquid. The gest that the electron transmission probability through a long
fact that the reduction of spin-antiparallel conductance perguasiballistic channel shows oscillating behavior with spin
sists up ton=6 suggests that our results can be extended tspecies. Moreover, a spin-polarized 1D channel shows a pro-
a “six-band” (three pairs of spin-parallel and spin- nounced plateaulike structure close toed/8 with increas-
antiparallel electrongimit. ing strengthat higher temperatures. Such striking behavior is
Finally we present the temperature dependence measurenly observed in long quantum wires=6xm) but not in a
ments which reveal even more striking behavior. Figure Slean 1D channel£3.m), suggesting that a combination of
shows G(Vsg) for Bj=11T at different temperatures. As backscattering and interactions within the quasiballistic 1D
expected, the spin-split conductance steps become less pystem plays an important role.
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