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Course topic 
Techniques for analysing biomolecules at nanometric scale: basic concepts of nanoscale sensing and some practical examples of biosensors.
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Prof. Gianluca Piccinini

Prof. Danilo Dermarchi

Prof. Sandro Carrara
Prerequisites

Knowledge of basic micro/nano technologies and of sensing devices. Basic principles of bioensing techniques.
Learning outcomes 
The students will acquire the basics of quantum mechanics useful for the design and use of nanodevices, in particular nano-biosensors, covering the knowledge of the possible device production techniques. One of the goals of the course is to give to the students the capability of choosing novel solutions in terms of nanodevices and nanosensors. With the acquired knowledge, the students will have the necessary information for guiding the strategic choices for the system level design of nano-biosensors too.
Abstract

The downscaling of sensing devices is giving several improvements in terms of sensor efficiency, detection limit and is opening the possibility of doing analysis at molecular level. A review of the most important solutions at the state of the art will be done then a specific research area will be put under analysis. With this goal one of the most promising structures, the nanogaps, will be studied. With nanogaps it is possible to analyse molecules at nanometric scale. Following these aims, the course will cover the basic concepts of nanoscale sensing and a practical example of nanogap production will be carried out, starting from the fabrication in a cleanroom of the structures where the nanogaps can be created, up to the study of the system useful for the production of the nanogaps themselves.

Content

1. Modelling of molecules for nano-biosensing

1.1. Introduction to the course

1.2. Modelling of molecules for nanosensors

1.3. Conduction mechanisms in molecules
2. NanoBio Sensors
2.1. Introduction
2.2. Basic Chemistry and Conductive Solutions

2.3. Probes-Targets
2.4. DNA Detection
2.5. Probes Immobilisation

2.6. CNT Properties & ElectroChemistry of CNTs

2.7. CMOS Building Blocks for BioDetection
3. Technology and systems

3.1. Interfacing biomolecules with I/O CMOS structures

3.2. Read-out architectures for biosensor arrays

3.3. Measurements and characterization techniques for biomolecular systems
4. Laboratory: detection of proteins inside nanogap electrodes
Teaching methods
The theoretical part of the course is presented in the Moodle learning environment in the form of HTML tutorials and videos.

The laboratory will be recorded and the most important steps of the experiment will be showed and explained to the student.

Assessment

For the students who will not follow the online course only, the evaluation is based on an oral examination of the concepts acquired in the course. For all the students, an online questionnaire will have to be passed and the course is finalised with a written report.
The course evaluation consists of these components:

40% – Knowledge test with a multiple choice questionnaire (online) and/or oral discussion
60% – Final Report
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