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1. Final publishable summary report 

Exploring the different relaxation mechanisms leading to spin decoherence and thus the realization of long spin lifetimes in single electron nanodevices is one of the central issues in nowadays spintronics [1]. Although such effects have been widely studied in two-dimensional electron gas (2DEG) based nano-constrictions, the possibility of the utilization of stronger correlation phenomena characteristic to valence band holes on the transport properties of confined two-dimensional hole gases (2DHGs) has remained still unexplored. Recently it has become possible to C-dope (100) AlGaAs heterostructures for high-mobility 2DHG showing clear signatures of the fractional quantum Hall effect. Such structures lend themselves for the fabrication of quantum wires, quantum point contacts (QPCs) and quantum dots (QDs), provided they can be grown close (less than 100 nm) to the sample surface and that stable charging configurations can be obtained.
The proposed project aimed to develop novel schemes for determining spin-related material parameters (g-factor, spin-orbit coupling strength) in various 2DHG nanostructures defined by local anodic oxidation lithography via electrical transport measurements. This is essential in order to explore electron spin dynamics, decoherence and relaxation in QD and double QD semiconductor spin qubits, and to determine conditions for coherent transfer of spin in nano-circuits as well as methods of detection of spin currents. These experiments help to understand and control the coherent spin states of individual charge carriers, which is fundamental for the field of quantum computation in a solid state environment.

In the framework of the project QPCs and QDs were fabricated on a Carbon-doped GaAs/AlGaAs heterostructure grown by D. Reuter and A. D. Wieck at the University of Bochum. The 2DHG is situated 45 nm below the surface. Stable nanoconstrictions tuned by intrinsic in-plane side-gates were patterned by local anodic oxidation lithography carried out by a charged tip of an atomic force microscope (AFM) or, alternatively, by electron beam lithography (EBL) and wet chemical etching.
We found that combining the electrostatic effect of such in-plane gates with the one of an evaporated metallic top-gate considerably increases the tunability of the p-type structures while the stability of the top-gate can be optimized by the proper choice of a gate insulator oxide [2]. For this purpose a 20 nm thick HfO2 layer deposited as a gate insulator between the GaAs wafer and the metallic top-gate was grown by atomic layer deposition (ALD). The structural and electronic properties of the etched lines separating the in-plane gates were individually characterized prior to top-gate deposition. Line widths of 140-170 nm and depths of 15-20 nm provided breakdown voltages on the in-plane gates in the range of a few 100 mV. The electronic properties of the oxide layer as well as the tunability of the host 2DHG by the top-gate were tested separately at T = 4.2 K on a 100 µm wide Hall-bar device defined by conventional optical lithography. The breakdown characteristics of the 20 nm thick oxide layer shows no trace of leakage currents in the -8 V < Vtg < 8 V top-gate voltage regime.
The increased tunability provided by this technology was demonstrated on various QPC devices. While the overall shape of the individual conductance traces was slightly affected by the top-gate voltage, the range of tunability by means of the Vg in-plane gate voltage can be optimized by the additional control parameter Vtg. Moreover, our experience shows that QPCs which were not tunable prior to top-gate deposition due to a large misalignment between the electrochemical potential and the first QPC subband become tunable by changing Vtg.

In addition to the conductance plateaus at integer multiples of 2e2/h, in most QPC geometries an extra plateau arises around 0.7(2e2/h). This feature evolves smoothly into the spin-resolved e2/h plateau at high in-plane magnetic fields revealing its spin-related nature. An alternative explanation suggests that the conductance is suppressed due to Coulomb repulsion from a quasi-localized state in the QPC [3], and restored to the 2e2/h full value at low temperatures due to the Kondo effect. The emergence of such a quasi-localized state in QPCs has been predicted based on spin-density functional theory (SDFT) calculations [4]. We performed conductance spectroscopy measurements of hole QPCs at temperatures between 5 K and 100 mK in magnetic fields applied perpendicular to the plane of the 2DHG. We found a pronounced 0.7 anomaly which gradually evolves into a resonance at high magnetic fields and is accompanied by a diamond-shaped region of suppressed conductivity observed in the finite bias conductivity, reminiscent of a Coulomb blockade [5]. This observation is consistent with a (quasi-)localized state of the same origin being involved in both magnetic field limits as its coupling strengths to the two-dimensional leads gradually decreases with increasing magnetic field. These observations are robust when lateral electrical fields are applied which shift the relative position of the electron wavefunction in the QPC, testifying to the intrinsic nature of the underlying physics.
A QD operated in the single-particle regime was realized by local anodic oxidation lithography. Single-level excited states have been resolved in the charge stability diagram at electronic temperatures below 200 mK for the first time. The analysis of the typical QD parameters along with the energy distribution of the excited state lines revealed an electronic dot size below 100 nm containing less than 10 confined holes which is interpreted as an important step towards all-electric single spin manipulation in hole-based nano-circuits [6].
In order to detect the charge state of the QD, we implemented capacitively coupled QPCs in the close vicinity of our dots. Such a QPC is tuned between the tunneling regime and the first conductance plateau where the steep variation of its conductance provides a sensitive tool for detecting the small variation in the confining potential of the QPC. As the number of holes in the nearby dot increases (decreases) the QPC constriction gets narrower (wider) and the current through the QPC changes accordingly. Our experiments have demonstrated that the sensitivity of these non-invasive charge detectors can exceed the one of the direct dot current measurements as seen previously in n-type systems [7].
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Use and dissemination of foreground
Section A (public) – Dissemination measures
· Dissemination activities
The results have been presented and discussed on the following international conferences, workshops and seminars.
Seminar of the European Graduate Collage on Electron-electron Interactions in Solids, 30 August - 3 September, 2010, Riezlern, Austria,

Poster presentation: Evidence for localization and 0.7 anomaly in hole quantum point contacts
60th Meeting of Nobel Laureates in Lindau 2010, 3rd Interdisciplinary Meeting, 27 June - 2 July, 2010, Lindau, Germany,

invited young researcher
Quantum Science and Technology Workshop 7-10 June, 2010, Passugg, Switzerland,

Oral presentation: Evidence for localization and 0.7 anomaly in hole quantum point contacts

International Conference on Quantum Phenomena at Nanoscale, 31 August 3 - September, 2009, Przno, Montenegro,
Invited presentation: Evidence for Localization and 0.7 Anomaly in Hole Quantum Point contacts

14th International Conference on Modulated Semiconductor Structures, 19-24 July, 2009, Kobe, Japan,
Poster presentation: Observation of excited states in a p-type GaAs quantum dot,
Poster presentation: 0.7 feature in p-type quantum point contacts tuned by combined in-plane and top-gates

5th International School and Conference on Spintronics and Quantum Information Technology, 7-11 July, 2009, Krakow, Poland,
Oral presentation: 0.7 feature in p-type quantum point contacts tuned by combined in-plane and top-gates

Quantum Science and Technology Workshop 2-5 June, 2009, Passugg, Switzerland,

Poster presentation: Electron-electron interactions in low dimensional hole systems

Seminar of the European Graduate Collage on Electron-electron Interactions in Solids, 6-9 April, 2009, Ráckeve, Hungary, Invited presentation: Electron-electron interactions in low dimensional hole systems
· Publications (peer reviewed)

[1]
Y. Komijani, M. Csontos, T. Ihn, K. Ensslin, D. Reuter and A. D. Wieck,

Observation of excited states in a p-type GaAs quantum dot
Europhysics Letters 84, 57004 (2008).

url: http://iopscience.iop.org/0295-5075/84/5/57004
Abstract: A quantum dot fabricated by scanning probe oxidation lithography on a p-type, C-doped GaAs/AlGaAs heterostructure is investigated by low-temperature electrical conductance measurements. Clear Coulomb blockade oscillations are observed and analyzed in terms of sequential tunneling through the single-particle levels of the dot at Thole = 185 mK. The charging energies as large as 2meV evaluated from Coulomb diamond measurements together with the well-resolved single-hole excited-state lines in the charge stability diagram indicate that the dot is operated with a small number of confined particles close to the ultimate single-hole regime.

[2]
Y. Komijani, M. Csontos, I. Shorubalko, T. Ihn, K. Ensslin, Y. Meir, D. Reuter and A. D. Wieck,
Evidence for localization and 0.7 anomaly in hole quantum point contacts

Europhysics Letters 91, 67010 (2010).
url: http://iopscience.iop.org/0295-5075/91/6/67010
Abstract: Quantum point contacts (QPCs) implemented in p-type GaAs/AlGaAs heterostructures are investigated by low-temperature electrical conductance spectroscopy. Besides onedimensional conductance quantization a pronounced extra plateau is found at about 0.7x(2e2/h) which possesses the characteristic properties of the so-called “0.7 anomaly” known from experiments with n-type samples. The evolution of the 0.7 plateau in high perpendicular magnetic field reveals the existence of a quasi-localized state and is consistent with the explanation of the 0.7 anomaly based on self-consistent charge localization. These observations are robust when lateral electrical fields are applied which shift the relative position of the electron wavefunction in the QPC, testifying to the intrinsic nature of the underlying physics.
[3]
M. Csontos, Y. Komijani, I. Shorubalko, K. Ensslin, D. Reuter and A. D. Wieck,

Nanostructures in p-GaAs with improved tunability

Applied Physics Letters 97, 022110 (2010).

url: http://apl.aip.org/applab/v97/i2/p022110_s1
Abstract: A nanofabrication technique is presented which enables the fabrication of highly tunable devices on p-type, C-doped GaAs/AlGaAs heterostructures containing shallow two-dimensional hole systems. The high tunability of these structures is provided by the complementary electrostatic effects of intrinsic in-plane gates and evaporated metallic top-gates. Quantum point contacts fabricated with this technique were tested by electrical conductance spectroscopy.

Section B (confidential) - EXPLOITABLE FOREGROUND AND PLANS FOR EXPLOITATION

The project has been classified as basic research and, as such, it was not expected and did not lead to any patent, trademark or registered design applications. The results have been published in peer reviewed scientific journals and at international conferences as listed above. Further outgoing publications are expected to follow on charge transport and non-invasive charge detection experiments on single hole quantum dot devices.
2. Scientist in charge questionnaire
RESEARCH TRAINING ASSESSMENT:
	What is the size of the hosting research group?
	20 scientists


	How many researchers have you supervised, within the past 10 years? Of which funded by:

	EC/Marie Curie actions
	2 postdocs

	EC Other Funding
	2 postdocs

	University fellowships
	0

	National public bodies
	4 postdocs, 20 PhD students

	Industry
	0

	Other
	0

	Other, please specify:
	

	How many researchers have you supervised within this project?
	2

	Corresponding to how many person months?
	2


	Number of publications resulting directly from the research project: 3

	Recruited researcher(s) and yourself
	3

	Recruited researcher(s) alone
	0

	Recruited researcher(s) with authors other

than yourself
	0


	Participation of the recruited researcher(s) at conferences (number): 9

	Passive
	8

	Active
	1

	How do you rate the overall success of the research training?
	Excellent outcome, we managed to contribute to a controversial and hot topic in mesoscopic physics, the so-called 0.7 feature


	General assessment: This was a great research project with the EU-funded postdoc Dr. Miklos Csontos and the SNF-funded PhD student Yashar Komijani


RESEARCHERS ASSESSMENT:
	Rate the overall level of the recruited researcher(s) integration in the research team and the

host organisation with regards to:

	participation in meetings/seminars
	Dr. Miklos Csontos has participated in a number of meetings and presented his experimental results .

	discussions of results and project-related

topics
	Dr. Miklos Csontos and myself had regular meetings during which we discussed the results.

	co-operation with other team members
	Dr. Miklos Csontos worked closely with aa PhD student (Yashar Komijani) on p-type quantum dots and also developed links to other projects and team members of the group.

	co-operation with other researchers of the

host institution
	Dr. Miklos Csontos worked very well with other researchers of the host institution.


	Rate the overall performance of the recruited researcher(s) with regard to:

	originality of fellow(s) approach towards research (initiative/independent thinking)
	Dr. Miklos Csontos was closely involved with the fabrication of the samples as well as with the experiment. He developed an ALD approach to fabricate samples with electronic tenability.

	capacity to develop new skills and to benefit

from training
	Dr. Miklos Csontos quickly learnt how to do experiments at milli-Kelvin temperatures and he performed many careful sets of experiments on p-type nanostructures.

	productivity (research

results/publications/international conference

attendance)
	Dr. Miklos Csontos’ productivity is quite high as documented by his publication list.

	communication skills
	It is straight forward to communicate with Dr. Miklos Csontos.

	group leader skills (collaboration with other

groups/project management)
	Dr. Miklos Csontos had an excellent and close collaboration with the PhD student Yashar Komijani.

	training and/or teaching skills
	Dr. Miklos Csontos gives very clear and pedagogical talks and invested a lot of time and energy into teaching lab courses for beginning students.

	Please comment:




RESEARCH TRAINING OUTCOMES:
	Has this project provided additional links with other research groups or institutions?
	We have further develop our close links with the group of Prof Wieck at the University of Bochum concerning sample fabrication. We also had intense discussions with Prof. Meir from Ben Gurion University which resulted in a joint publication.

	If yes, indicate the number of contacts in each case
	The usual contacts in a scientific collaboration. Numbers are not relevant, the content of the interactions is important. Sometimes conversations during conferences, mutual visits, email exchanges, etc.

	Universities
	University of Bochum, Germany
Ben Gurion University, Israel

	Research Centres
	-

	Industry/private companies
	-

	Others
	-

	If Other, please specify:




	Rate the importance of the following outcomes of the research training:

	results of the research
	Most important

	number of publications
	Important

	development of research
	Important

	establishment of international collaborations
	Important

	transfer of knowledge/technology
	-

	training of researcher
	Very important

	further academic qualifications (PhD, habilitation etc.) for fellows
	-

	Please comment:




YOUR OPINION ABOUT THE MARIE CURIE ACTIONS:
	Do you have any other comments or suggestions of how to improve the concerned Marie Curie actions?




	Did you have previous knowledge of the Marie

Curie actions?
	Yes


	If yes, what sort of image do you think that the

Marie Curie actions have among the scientific community in your research area?
	Very competitive, selecting good young people


	Attachments:
	Financial Statement Form C

Timetables (2008, 2009, 2010)



	Date: 28.10.2010
Signature Scientist in Charge: 


	Date: 28.10.2010
Signature Researcher: 




PAGE  
2

