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Introduction
Scanning microscopy techniques can scan and derive properties of materials and are

used in a wide range of applications, from nanoelectrochemistry to materials research.

For example scanning electrochemical microscopy (SECM) can provide electrochemical

information with a micrometric scale resolution by using a microelectrode tip as a

sensor. The working principle of SECM exploits the diffusion-limited current generated

by the tip and the response of the surface of interest (substrate). As this current is

sensitive both to the electrochemical nature of the substrate and to the tip-to-substrate

distance, when the tip is scanned above the substrate, the obtained image reflects both

the surface topography and the distribution of its chemical reactivity. Shear-force-based

SECM is used to perform SECM at constant tip-to-substrate distance (CD-SECM), thus

cancelling the effects of topography on the tip response.

Control (SECM)
Detection of the shear force is accomplished by attaching two piezoelectric plates to the scanning probe.

One of the plates excites the tip causing it to resonate, and the other acts as a detector of the amplitude

of the oscillation. Increasing shear forces in proximity to the surface lead to a damping of the oscillation

and a phase shift, effects that are registered by a lock-in amplifier. The distance-dependent signal

of the lock-in amplifier is used to establish a computer-controlled feedback loop enabling SECM in a

constant-distance mode of operation. We are looking for highly motivated students with a genuine

interest in multidisciplinary and cutting-edge research, and eager to work on the improvement of

current implementations of feedback loops in shear-force CD-SECM to project the technique toward

submicrometric scale resolution.

Control (AFM)
Atomic force microscopy (AFM) opens the possibility of research

and innovation at the nanoscopic scale. This cohesion project

combines the expertise of PME and DCSC to achieve innovative

precision control mechanisms in AFM femto-pipette, a technology

for fluid manipulation at the nanoscale. This technology is currently

not exploited to its full potentialities, due to the poor control

performance of the dispensing mechanism. The aim of the project

is achieving accurate, robust and adaptive control with the ability to

handle in a reliable manner different fluid dispensing tasks, spanning

from single-cell manipulation to biosensing.

Methdology (SECM)
Accurate control of the shear-force SECM instrument must be

achieved via the following steps:

1.Modelling phase: modelling of the piezoelectric plates; deter-

mination of the impedance of the electrochemical cell com-

posed by the tip, the sample and the generator (and deter-

mination of the optimal resonance frequency); modelling of

the lock-in amplifier;

2. Synthesis phase (shear-force loop): formulation of the con-

trol objectives for the shear-force-based loop; synthesis of

the optimal feedback loop controlling the z-direction (con-

trol input) from the signal of the lock-in amplifier (measured

output).

Methdology (AFM)
We propose a cascade control strategy composed of

a fractional order adaptive control scheme and an

integer/fractional order iterative control scheme.

1.The iterative control loop will be in charge of im-

proving the execution of repetitive tasks (both for

positioning and dosing)

2.The adaptive controller is in charge of stabilizing the

iterative loop and provides adaptation to different

surfaces.

The fractional order properties of both loops add im-

proved robustness capabilities.
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