1. FINAL PUBLISHABLE SUMMARY REPORT 

In order to clearly present the comprehensive summary of the project results, the following plan is proposed. First description of main scientific achievement are described. Further the skills and experience acquired by Marie Curie fellow during the project are listed. Finally, the impact and conclusions of the project are discussed.

Let us start with two  scientific achievement of the Marie Curie project.
Nanodevices fabrication. First of all, a novel nanodevice layout has been developed, in which the probed quantum dots are attached to only one electrode - a carbon nanotube. The advantage of employing carbon nanotube as a electrode causes significant decrease of screening from the electrode, allowing an improved access to study the electronic structure of the semiconducting dots. Besides, such nanodevice layout greatly simplifies the fabrication process compared to standard devices with two electrodes (source and drain), which are separated by a few nanometers gap. Moreover, the MC fellow has mastered various fabrication techniques of nanodevices that involves many step processes and appropriate equipment. For example: suspended nanotube devices, graphene devices, four terminal gold nanotube devices and catalytic nanomotor devices.
The main goal of the project was to develop a new technique. This techniques is called electron counting spectroscopy and it has been used to probe the electronic properties of semiconducting CdSe quantum dots. This technique allows to fill or empty a semiconducting quantum dot with many electrons. The ability to shift the Fermi energy by a large amount holds promise for nanoscale or molecular electronics, since the large energy separation between the levels often has limited access to only few levels. The detection scheme is based on an original approach where the investigated particle is attached to only one electrode, a carbon nanotube. Essentially, this technique consists of measuring the conductance of the nanotube as a function of the voltage applied on the gate. This allows the detection of individual electrons transferred onto the quantum dot. The electron transfer occurs only when the electrochemical potential of the nanotube matches the energy levels in the particle, while sweeping the gate voltage. This study have shown that single-electron detection with carbon nanotbue transistor represents a new strategy to study the separation in energy between the electronic discrete levels of the semiconducting quantum dot. In particular, for the first time it has been shown that the electronic levels of a dot can exhibit a chaotic behavior, which was predicted theoretically decades ago.

The experience obtained by the fellow within training proposed in the Marie Curie project involved many scientific and technological aspects. First he mastered advanced nanofabrication skills in order to fabricated novel  nanodevices which combine the contacted nanotube device with single molecules or quantum dots. Note, that the fabrication of such devices is quite challenging and time-consuming, because it involves many step processes and appropriate equipments. Next step aimed at characterization of fabricated nanodevices, involving transport measurement at low temperature regime. The applicant developed a new technique called “electron counting spectroscopy”. This technique allows to probe the electronic properties of semiconducting CdSe quantum dots. Importantly, it also allows to fill or empty any semiconducting quantum dot with many electrons. 

Training provided by the Quantum NanoElectronic group gave the possibility to involve the young researcher into other  aspects of the project. For instance, he fabricated the nanodevices consisting of gold nanotubes, which are used to demonstrate the Aharonov-Bohm effect in such small metallic structures. In this project the applicant fabricated the devices and conducted low temperature (~50 mK) four-point transport measurements. Another interesting experience concerns a demonstration of a new mechanism to drive a nanotube rotor, based on the torque generated by a flux of electrons passing through a suspended chiral tube. He fabricated suspended devices and he performed in-situ transport measurement in SEM system in order to observe the rotation of the tube shells. The next research experience is related with the project aiming at fabrication on catalytic nanomotors, consisting of nanotube and bi-metal electrodes. The goal was to design a nanomotor that can develop autonomous motion with controlled speed and directionality when placed in a special solution. Finally, he was also involved in fabrication of a graphene nanodevices for optical and transport measurements.

The interdisciplinarity and variety of these topics shows that the applicant has widely spread research background not only in the field covered by this research project. 
Finally, another aim of the project was to support the carrier development of the Marie Curie fellow. Within Marie Curie project the fellow got the opportunity to face challenging problems which allowed him to test his ability and usefulness in finding new solutions. Training activities included also tasks to take active part in the scientific and financial management of the research project. Working with an experienced and dynamic group gave him opportunity to see how the research management is maintained in this group, thus giving him more experience to increase the interpersonal abilities and collaboration skills which will help to lead his own projects or group in the future. Altogether, this was an excellent way to reach professional maturity.
