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The low-frequency resistancc noise of quantum point contacts is shown to be dominated by fluctuations in the
clectrostatic potential, Both in the ballistic and in the quantum Hall regime. the noise is strongly suppressed if the
conductance is quantized. The suppression is enhanced by a strong magnetic field duc to the absence of backscattering in
the point contact. Additional minima are found in the noise as a function of the conductance due to the lifting of the spin

degeneracy by the field.

Electron transport in quantum point contacts
(QPCs). short constrictions defined in a GaAs/
AlGaAs-heterostructure, has been studied inten-
sively since the discovery of the quantization of
their conductance in units of 2¢’/h [1,2]. Due to
the small electron density in the two-dimensional
electron gas (2DEG), the Fermi wavelength of
the electrons in these point contacts is compar-
able to the width of the constriction, resulting in
the formation of one-dimensional (1D) sub-
bands. The conductance quantization is a mani-
festation of ballistic transport: cach of the sub-
bands occupied in the QPC is transmitted with a
probability close to unity. A strong magnetic
field has the following effects: a smaller number
of magneto-electric subbands is occupied, the
spin degeneracy is lifted, and the residual back-
scattering in the point contact is suppressed.
These are all characteristics of the quantum Hall
effect regime. The study of time-averaged elec-
tron transport in QPCs [3] has recently begun to
be complemented by experimental [4-6] and

theoretical [7-10] work on the kinetics of charge
transport. In this paper our earlier findings ob-
tained in the ballistic transport regime [5] are
compared with new experimental results cover-
ing the effect of a strong magnetic ficld on the
noise characteristics.

Noise measurements were performed on a
constriction defined in the 2DEG of a GaAs/
AlGaAs heterostructure, which was grown by
molecular beam epitaxy. The constriction was
produced by electrostatic lateral confinement of
the 2DEG using a split gate technigue. The
electron mobility in the 2DEG is 65 m”/ Vs, cor-
responding to an elastic mean free path of about
6 um. The electron density was found to be
3.5%x 10" m™> In the inset of fig. 1 the ex-
perimental set-up is shown. The number N of
occupied subbands in the point contact was de-
termined from the diagonal four-terminal resist-
ance R, = V,,/I,,, which equals the two-terminal
resistance R = h/2¢’N [3]). We measured the fluc-
tuations in the longitudinal voltage V=V,
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Fig. 1. Typical result for the relitive eseess noise speetnd
demsity S L) for G- LS (2 hy w7 LAK.D e
whematic diggram of the experimental sct-up for nuise meis-
surements.

while passing a constant current /= 1, through
the contacts 1 and 2. The excess (i.e. 1> 0) noise
spectral density Sy(f) was obtaincd using a
method described in ref. [11]. which includes the
subtraction of the instrumental and  Nyquist
noise. The excess noise spectral density varied
quadratically with current. indicating that the
voltage fAuctuations  originate  from resistance
fluctuations. We did not resolve shot noise |7-
10]. which has a lincar current dependence. Re-
cently. it was found that the frequency depen-
dence of the noise spectral density is cither
1/ f-like [4. 5] or Lorentzian [S]. Here we investi-
gate an example of the latter.

A typical result for S (f) is shown in fig. 1.
The noise is found to originate from random
switching of the longitudinal resistance R, (= V!
1) between two (occasionally three or four) dis-
crete states. spending on the average a time 7,
in the low-resistive state R, . and a time 7, in
the high-resistive statc R, + AR, . In fig. 2 some
tvpical time traces of the resistance are shown.
Such ‘random tclegraph signals™ arc known [12]
to yicld a Lorentzian spectral density

HAVY Tin
T|..“- + Thiuh 1 + 41\':.,--‘1':‘."

S\( j) =

. (1)

with U=t + Uty and V= 1AR,.

Lonv-freguency none of quaniten Point coraels

. 1 )
10 T
- )! ¥ ;L_ . [}
N MR
0; 4 b+ oee RN VNP 1 .
a' g -
RS ;!
‘.11 J: ‘--sl L_._JIL k- b i
)ﬁ i ; P
0J E BRSO, - . —a——t
3 . -
VAVES S| ""\! L T
\j‘ | PRSP A o
) i '
bovar et
Fig. 2 Time traces o the refatve change AN, ROt

tongitudinal resistanee al various values of the vonductanee
¢ (h Qe ) - G

From a measurement of So¢ /) and AV both 7
and 7, can be determined. The switching of the
resistance between two values can be explained
by the presence of a single clectron trap very
close to the point contact. Charging and decharg-
ing of the trap modulates the clectrostatic contin-
ing potential of the constriction. and thus 1he
conductance. The times 7, and 7, van he
identiticd with the capture and emission times of
the trapping process. Both times depend on tem-
perature. conductance. and magnetic ficld. as
discussed clsewhere [5]. In this paper we focus
on AV, A

In fig. 3 (upper part) AVHY )" is plotted versus
the two-terminal conductance G = 1R 1 s
clearly visible, that the cffect of the switching
process is suppressed whenever G = N (207 h).
Maxima in (AV/V)" occur right between these
values. A similar quantum size cffect in the noise
is found in the presence of a strong external
magnetic ficld perpendicular to the 2DEG. see
fig. 4 (upper part). For the ficld of 204T ap-
plicd. the maximum aumber of occupicd spin
degenerate subbands in the constriction 18 lim-
ited 10 2. As in the absence of an external
magnetic  ficld,  minima - oceur whenever
(=N x (Ze"/h). However. in contrast 1o the
former case. there are additional minima at
G=(N+ ) x(2e'ih).

The observed quantum size effect in the noise
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Fig. 3. (AV/V)® versus G for 8=0T at 1.4 K. Solid curve in
top figure is a guide to the eye.
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Fig. 4. (AV/V)’ versus G for B=2.94T at 1.4 K. Solid curve
in top figure is a guide to the eye.

is a direct consequence of the existence of 1D
subbands in thc point contact. Whenever an
clectron is trapped in the immediate vicinity of
the point contact, the height of the potential
barricr g, in the point contact is increased, as

well as the cut-off energies g, of the 1D sub-
bands. We model the quantum size effect on the
noise at finite temperature by assuming a gate-
voltage independent variation Ag, of the poten-
tial barrier in the constriction, and a unit step-
function energy dependence of the transmission
probability [13]. The Hall conductance then is
given by

Gu=Ri' =5 22 fler, — &) (2)

with f(£) the Fermi-Dirac function, &g the Fermi
energy, and ¢, =(/— 3)kw + oguyB, with
w.=eB/m, g the Landé factor, u, the Bohr
magneton, and o = *j the spin quantum num-
ber. The two-terminal conductance of the QPC
is

GER-]=%22f(sn.u_eF)' (3)

We model the lateral confining potential in the
QPC by a parabolic potential of strength w,, in
which case £, = g,+ (n— })hw + oguyB, with
w = (w3 + »2)'’ The relative voltage fluctuation

(in the longitudinal measurement configuration)
now becomes

— =—t=—-—>A¢, (4)

with R, = R — R,; [3]. Obviously, a change Ag,
in the height of the potential barrier has minimal
effect upon transport when &g is right between
two subbands. i.e. when the conductance is
quantized. As can be seen in fig. 3 (lower part)
the experimental results are well reproduced by
the model calculations. In the calculations Ag,
has been fixed at 0.12 meV, while Ao, (typically
1.3 meV) and ¢, have been obtained from mea-
surements of R as a function of gate voltage and
magnetic field. The experimentally observed
minima are less pronounced than those calcu-
lated from the model. This may be attributed
primarily to residual backscattering in the con-
striction, leading to deviations from a step-func-
tion energy dependence of the transmission
probability. At high conductances the calcula-
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tions secem to overestimate the noisc. indicating
that in reality Ag, depends on the gate voltage.

The present model is also valid in the presence
of an external magnetic ficld (fig.4. lower part).
Duc to the suppression of backscattering by the
magnetic ficld. the observed minima, which have
also been deepened by the increased subband-
splitting caergy. arc almost as sharp as those
caleulated from the model. Also reproduced by
the model are the additional minima  ncar
G=(N+1)x (2¢77h). caused by the lifting of
the spin degeneracy (in the calculations an cn-
hanced g-factor of 4 has been taken). Both in the
cxperimental  and  theorcetical results  these
minima arc slightly shifted beyond the yuantized
values of conductance. due to the fact that the
Zceman splitting energy and the switching ener-
gy Ae, arc of compurable magnitude.

In conclusion, we have demonstrated a quan-
tum size cffect on the resistance noise of a
quantum point contact in the ballistic and quan-
tum Hall regime. We have shown that it is due to
fluctuations in the clectrostatic potential, which
modulate the transmission probability of the 1D
subband closest to cut-off. Systematic studies of
the resistance noisc of the type considered here
may yicld useful information on trapping and
detrapping  processes in relation to materials
growth and processing conditions. On the other
hand. it is clear that the study of the intrinsic
kinctics of charge transport requires samples
with a strongly reduced trap density.
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