Super-Poissonian current noise in coupled single-electron transistors

Introduction: Several metallic islands can be coupled, capacitativelyydunnel junctions, to form
different networks of single-electron transistors. Thes@plex devices show a rich variety of physics
and are of interest both from a theoretical points of vieg,,dor investigating the measurement process
and backaction effects, as for applications, for instapadizing electron pumps or turnstiles. Recently
we developed a real-time diagrammatic method algorithrpjor@ach to calculate (zero-frequency)
current-current noise and current crosscorrelations tworks of metallic SETs. In capacitatively
coupled SETs novel correlation effects appear. For instaae shown in Fig. 1, bunching of electrons,
similarly also investigated in semiconductor systems $lfpound. We identify a number of different
mechanisms causing super-Poissonian noise, which coukpmrimentally investigated in coupled
SETs. Experimental work of the group of Prof. Per Delsingergly opened the possibility to measure
the intrinsic low frequency noise in gated metallic SETs [2]
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(a) Tunneling in the upper SET opens and closes (b) Switching between off and on state results in bunched
the transport channel in the lower SET. transport of electrons, associated with super-Poissonian

noise and positive cross-correlations between two output
leads of the lower SET.

Figure 1: Electron bunching as transport channel is switcreand off.

Purpose of visit: The visit at Chalmers University, Goteborg aimed at, firgtushing forward the
theoretical analysis of the super-Poissonian noise featugecondly, we wanted to explore connec-
tions to the experimental investigations on noise in met&lETs performed at Chalmers. Moreover,
possible new directions or extensions of the theoreticakywwere to be discussed.



Description of visit: The current status of our theoretical work on super-Poiasocurrent noise in
coupled single-electron transistors were presented tthéw@etical group and members of the experi-
mental group of P. Delsing working on this subject. Sergusdaiiov presented the experimental results
he obtained in the group of P. Delsing as part of his PhD warkhe following, Goran Johansson and |,
discussed implications of the experimental progress omvouk, the further progress of our theoretical
work, and finally, we explored possible explanations for sdeatures of unpublished experimental
data, which are not completely understood. Preliminargsdend results were discussed, in particular
with Per Delsing, throughout the visit.

Results of visit and outlook: The experimental progress of Per Delsing’s group confirrtiest,our
theoretical explorations are within reach of experimestgiloration. They managed to extract from
their measurements the intrinsic low frequency noise oftadjaingle-electron transistor. Using the
radio-frequency single-electron transistor (rf-SEThtaque, low frequency noise of the reflected volt-
age from the rf-SET in the range of a few hertz up to tens of Mldg measured overcoming limitations
due to the amplifier noise. The extension to noise measutsnoéigoupled SETSs is straightforward;
some limitations have to be considered, however, when grglsub-threshold (i.e. rather weak) noise
in SETs. An extraction of intrinsic noise from the amplifieackground can become unattainable in
that situation.

During my stay in Goteborg Goran Johansson and | finalizelihing of a publication on our work
on super-Poissonian current noise in coupled singlereledransistors (see below). We expect to
finish writing a manuscript during the summer break and stubna few months.

Unpublished experimental data from the Chalmers group wrfdequency current noise of an SET
with high conductance (other experimental data of the saangpke can be found in Ref. [2]) show
surprising features at high transport voltage. Orthodexj@ential tunneling) theory predicts a Fano
factor going down to 12 with increasing transport voltage [3], as is indeed foundléw conduc-
tance samples. Cotunneling, the leading correction toesgl tunneling in the Coulomb blockade
regime, yields a Fano factor of 1 [4]. The experimental datayever, show a Fano factor decreasing
with rather constant slope to values beloy21when the transport voltage is increased. This some-
what counterintuitive result of a Fano factor beloy\21lin a regime, where sequential tunneling (with
F = 1/2) and cotunneling processes (wkh= 1) contribute caught our interest. Unfortunately, we
cannot directly explore the experiment with our diagramomeagdal-time technique, as convergence of
the perturbative approach is not guaranteed for such higtuztance samples. Unphysical artefacts of
perturabtion theory will show up around the opening of neam$port channels, i.e., whenever an ad-
ditional charging-energy level enters the voltage windelwever, we believe, that we achieved some
physical understanding of the origin of the< 1/2 Fano factor in open SETs. We will try to establish
more quantitative statements, which may result in a funthialication, possibly in collaboration with
the experimental group.

Projected publications

(1) Super-Poissonian current noise in coupled single-electron transistors
Bjorn Kubala, Goran Johansson, and Jurgen Konig, ipgmagion.
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