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Transport through a quantum dot analyzed by electron
counting

Christian Fricke! Frank Hohls? Nandhavel Sethubalasubramanian, Lukas Fricke and
Rolf J. Haug

Institut fiir Festkorperphysik, Leibniz Universitit Hannover, D-30167 Hannover, Germany

Abstract. We present measurements of single electron tunneling through a quantum dot (QD) using a quantum point contact
as charge detector. The counting statistics for varying symmetry of the QD system is examined from a very large statistical
basis. We extract high order cumulants describing the distribution and observe prominent oscillations when varying the
symmetry. We compare this behavior to the observed oscillation in time dependence and show that the variation in both

system variables lead to the same kind of oscillating response.
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Current fluctuations in mesoscopic systems allow to
obtain information on transport that can not be observed
in the average current [1]. The shot noise has been mea-
sured as a first step beyond the mean to examine cor-
relations in the electron transport through semiconduct-
ing quantum dot systems [3, 4], but the extraction of
higher moments from the current fluctuations is a chal-
lenging task [5] and has not yet been achieved for trans-
port through quantum dots. In the context of full count-
ing statistics (FCS) higher moments are directly acces-
sible [7, 6]. With the use of a quantum point contact
(QPC) as a charge detector with fast time response, FCS
became experimentally feasible in quantum dot physics
[8, 9, 10, 11]. A significantly improved experimental
technique has made the extraction of very high-order
cumulants possible, revealing an oscillating behavior as
function of integration time that strongly increases with
the order of the moment [12, 13]. The theoretical treat-
ment has shown that these oscillations are a universally
expected phenomenon for most physical systems and
that in quantum dots they should show up prominently
as function of the barrier asymmetry[16, 12]. Recently
this prediction was also confirmed experimentally [17].

A three dimensional AFM image of our device is pre-
sented in Fig. 1. The elevated lines depict the insulating
oxide barriers written by the AFM. The QPC (lower area)
is separated from the QD structure (upper area) by an in-
sulating line. The QPC can be electrically tuned using
the in-plane gate GQ. The current through the QPC is
amplified by a current amplifier and detected in a time-
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FIGURE 1. (a) Atomic force microscope topography of
quantum dot (QD) and quantum point contact (QPC) Single
electrons enter the QD from the source (Sgp) and leave via the
drain (Dgp). (b) The current running through the QPC switches
back and forth between a high and a low level as an electron
enters and leaves the QD. This allows us to count the number
of electrons that have passed through the QD in real-time. A
typical time-trace of the QPC current is shown. The tunneling
rates can be extracted from the waiting times 7g and 7p. (c)
Measured tunneling rates I's (source), I'p (drain) and the elec-
tron transport rate I'y with respect to the asymmetry parameter
a. The asymmetry parameter is modified by changing the quan-
tum dot gate configuration.

resolved manner. The bandwidth of the charge detection
is only limited by the current amplifier bandwidth and
slightly exceeds 100 kHz. The QPC bias is chosen suf-
ficiently small to avoid back-action on the QD. The QD
is coupled to source and drain electrodes via two tunnel-
ing barriers which can be separately controlled with the
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FIGURE 2. Symmetry and time dependence of the 14th
cumulant. Strong oscillations appear displaying the interplay of
different system parameters. In the lower plot a cut at a = 0.45
is shown.

in-plane gates GS and GD. These gates are also used to
tune the number of electrons on the QD. To analyze only
unidirectional transport, the system is tuned to a situa-
tion where the transport state of the dot is sufficiently far
from the source and drain Fermi energies, thus allowing
no back-tunneling from the dot to the source contact or
from drain to the dot (compare inset in Fig. 1b). From the
real-time charge signal we extract the full counting statis-
tics of the electrons participating in transport through the
QD. In theory it is stated that high-order cumulants of
the FCS show oscillations for nearly any system when
changing a relevant parameter, e.g. the symmetry of the
tunneling rates in a quantum dot system [12]. For our ex-
perimental study of this predicted symmetry dependence
of high-order cumulants we varied the asymmetry pa-
rameter a = (I's —I'p)/(T's+I'p) and measured for each
a about 1 million tunneling events.

We can thereby determine the dependence on the time
(displayed here as the dimensionless length of the count-
ing interval s - #9) for each value of the asymmetry a,
thereby mapping out the cumulants as function of both
parameters. The result obtained for the normalized 14th
cumulant ¢'#/c! is shown in Fig. 2. The figure nicely
reveals the similarity in the dependencies on asymme-
try and on dimensionless time — the general features are
nearly symmetric with respect to the diagonal. This cor-
respondence between the different parameters demon-
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strates that the occurrence and the strength of these os-
cillations are of universal nature [12]. It is also interest-
ing to examine the behavior at long times or towards the
case of symmetric rates, a = 0. In both cases the depen-
dence on the diametrical parameter becomes weak and
the cumulants are governed only by one parameter. This
transitions again reveal the similarities in the dependence
on these different parameters and support the underlying
universal nature of the oscillatory behavior.

We thank C. Flindt for many fruitful discussions. The
work was supported by the Federal Ministry of Educa-
tion and Research of Germany via nanoQUIT and the
German Excellence Initiative via QUEST.
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