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Facilities: The Quantum Research Laboratory at INRiM is composed by a clean room class 100 and a grey area class 10.000 inculding the following equipment: - Photolithography is carried out by means of a Karl Süss and of a Quintel mask-aligners, with resolution down to 800 nm, and other complementary apparatuses, like spinner, hotplate, fume hood, etc. - Chemical, electrochemical treatments and functionalisations are carried ot in three different fume hoods. In the case of electrochemical treatments (Porous Silicon formation), several cells, up to 6" diameter wafers are available. - Si structuring is also obtained by plasma treatments in a Leybold Reactive Ion Etcher, with CF4 gas source, or by a LFE barrel etcher with gas sources: CF4, O2, H2. - An ASM furnace, equipped with H2/O2 sources is used for Si oxidation or doping by diffusion. - Low Pressure Chemical Vapour Deposition of Si Nitride, PolySi, Low Temperature Oxide, and Amorphous silicon is carried out by means of a Tempress and an ASM LPCVD furnaces, equipped with the following gas sources: SiH4/SiH2Cl2/NH3/O2/H2/N2O. - Two high vacuum evaporators, from Varian and Leybold allow for both thermal and e-beam evaporation of matallic and dielectric thin films. - An optical holography system for the definition of submicrometric periodic structures onto Si surfaces. - Nanolithography down to 30 nanometers is carried out with a JEOL 840 SEM equipped with NanoPatternGenerationSystem from J.C. Nabity. Possibility to functionalise the nanostructures is obtained by means of a gas line linked to the SEM pre-chamber. 

The characterization systems of the laboratory are briefly summarized hereafter: - A Tencor P10 profilometer to monitor the deposition/etching processes. - An optical microscope (1000 X) is used as a first characterization of the devices. - A Scanning Electron Microscope, equipped with a pattern generator for e-beam lithography.  - A Leitz Fluorescence microscope with ccd camera - Gas chambers for sensor characterisation in controlled atmosphere - Two cryostats, from Leiden Cryogenics and from Janis Research for electrical measurements down to 30 mK.

Nicolet Nexus FTIR spectrophotometer (equipped with a DTGS detector, spectral range 4000-650 cm-1) coupled with a Nicolet Continuum microscope (equipped with a MCT detector, spectral range 4000-650 cm-1). The microscope allows also to perform Attenuated Total Reflection, ATR, measurements with a higher resolution of 20x20 (m (ATR crystal ( Silicon, Single reflection measurements). The Nicolet is aso equipped with a fiber optic accessory allowing measurements in ner infrare range (InGaAs detector).

Jobin-Ivon Raman Spectrophotometer equipped with a mono/multi channel acquisition system. Excitation from a multi line Argon/Kripton laser allows for high flexibility of the system. The technique is particularly useful for structural analysis of QDs, due to broadening effect of confined phonon modes. 

Vacuum-Nitrogen line to perform the chemical functionalization/modification of the QDs surface for stabilization purpose or to insure specificity vs. defined targets. 

A Sonics&Materils sonicator VCX 750 W working at 20kHz, equipped with a cooling water bath. 

An Argon laser (488 nm) for photoluminescence measurements equipped with an optical fiber. The detector is a Liquid Nitrogen CCD camera coupled to a monochromator (Acton sp 300).  

Skills and capabilities: The Nanotechnology group at INRIM will contribute to the project furnishing the expertises developed in the last decade on the synthesis, characterizations and surface chemical modification/functionalization of nanostructured crystalline silicon. The group has extensively worked also on the light emission property of nanostructured silicon publishing in the last years more than 50 papers on the subject. Moreover in 2004, during the last call for project proposals by the Piedmont region, the group has received fundings for the following project: Quantum Dots for optical imaging in biological systems. 

Recent publications: http://nanotechto.inrim.it/index.php?evt[publication-viewList]&id= 

Questi sono da rivedere parzialmente integrando le informazioni della riunione
Objectives: In the framework of the present project the INRIM can produce the all silicon QDs and can modify the surface with functionality which are able to insure stability or surface specificity. 

The activity is related to WP1 (Innovative Fabrication of Fluorescent Hybrid Nanoparticles), task4 (Fabrication of inorganic nanoparticles by laser ablation) and task5 (Fluorescent dyes and biocompatible Quantum  dots synthesis), and WP4 (Characterization of Nanoparticles and Functionalized Nanoparticles), task 1 (Structural Characterization).

The QDs may have different applications:

1 – Investigate the possibility to grow a silicon oxide shell around the all silicon QDs (using TEOS) opportunely modified with functionality which are able to protect them against the oxidation. The oxide shell can be further modify with biomolecules. A detailed study of the emission of the QDs after modification and after the growth of the shell should be conducted.   

2 – Investigate the possibility to insert the QDs into the porous silicon oxide nanoparticles.

3 – Investigate the possibility to anchor the Cyanine dye on the surface of the all-silicon QDs in order to create a fluorophore with a huge Stoke shift.

…. Da completare con i nuovi obbiettivi del progetto ….
Methods and milestones:

Up to date, in the framework of the 2004 project, we have developed a technique for the preparation of Quantum Dots (QD) all-silicon (with orange/red and green emission) which implies three steps: 1 - Electrochemical etching of a p-type monocrystalline silicon wafer in a hydrofluoric acid based solution in order to obtain a porous material; 2 – Light ultrasonic treatment of the as prepared material after immersion in a toluene solution in order to detached the porous part from the bulk one; 3 – Strong ultrasonic treatment to reduce the dimensions of the silicon nanocrsytals dispersed in the toluene solution. Since the emissions properties of QD, due to quantum confinement phenomenon, depends on the dimension of the nanocrystallite, the ultrasonic treatment is extremely important allowing the reduction of the size and the control of the dimension. 

The ultrasonic steps procedure was developed by the Nanotechnology group in collaboration with the Acoustics department of the INRIM which has a long time experience in the study of  cavitation phenomenon induced by irradiating liquids with high intensity ultrasounds. At Sonochemistry and Cavitation Laboratory various experimental apparatus have been developed to study the ultrasonic irradiation of liquids using different power and frequencies. The optimisation of the various parameters, involved in cavitation experiments, are strictly connected to the chemical and physical properties of solvent, then a preliminary investigations is required for coupling the ultrasonic transducers with the sonochemical reactor and to control the temperature of the solution and the gas dissolved.

The use of all-silicon QDs, as fluorophores in the biological field, present the following advantages compared to the organic dyes and to the III-V QD:

1 – Possibility to use a single wavelength (es. 488nm) to excite the different emissions of the QDs;

2 – Possibility to perform multiplexed analysis;

3 – The all silicon QDs did not show photobleaching phenomenon;

4 – Biocompatibility of the porous nanocrystalline silicon vs. the toxicity of the III-V QDs.    

Year 1: production and structural characterisation all-silicon QDots by nanostructured silicon ultrasonication and study of alternative methods with other partners (RTM, …) in the framework of WP1, task 4. 

Year 2: delivery of functionalised and fully characterised all-silicon Qdots, ……da completare come sopra
Budget:

Personnel



200.000 €

Consumables



100.000 €

Other costs



0 €

Consultancy



30.000 €

Equipments



150.000 €
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