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Renewable sources generating electricity in the EU, 2019
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= Typical Energy Harvester Output Power = Typical Energy Harvester Voltages

> RF: 0.1uW/cm? » RF: 0.01mV

» Vibration: 1nW/cm? » Vibration: 0.1~04V

> Thermal: 10mW/cm? » Thermal: 0.02~1.0V

» Photovoltaic: 100mW/cm? > Photovoltaic: 0.5~ 0.7V typ./cell

Energy Harvesters become more capable
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Normal piezoelectricity shear piezoelectricity
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The first model for interpreting SPM measurements is based on the Hertz model
(developed in the 1880s). It describes the deformation (indentation) caused by the
contact between a spherical probe and an elastic surfaces NN P é
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[ RN Z MdHEdtation of a rigid flat surface by a spherical probe. Figuadlapted from
ANNZe

This model is based on the following preliminary assumptions:

The surface and the tip are homogeneous;
The surface is isotropic and seminfinite;
There is no friction;

The deformation is small’( << R);
Adhesion forces are zero (fn = 0).

= =4 =4 -4 -4

The relationships between the parameters obtained are:
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Because there are no adhesion forces in this model, the contact area when no force
is applied is zerg a = 0.h is the distance between the tip and the surface.
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for indentation depth and force to various solid probe geometries of revolution N NToe
do this, he derived the following general equations:
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where (f(x)) represents the tigeometry, ) is a dimensionless parameter (between
0 and1).
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This equation can be simplifiedas 85 —fSr small indentation. E2 At qRaz qRUN Wq 6
q6 JWRU@qUNI ¢dt W RUGT + Wagé W ¢aldWe Il qAWt YieqRYU
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1 For flat-ended cylindrical tip;

00 w0
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where ( &) is the radius of contact of the cylinder.
1 For conical tip;
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where £ )Us$ the apex angle of the cone.

A B C

[ RN Z BReplesentation of indentation of a surface by tips of different geometries:(a)
flat-ended cylindrical probe(b), conical probe, (c) paraboloid (spherical) probe. Figure
adaptedfroma NNY e
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Due to their relative simplicity, the Hertz and Sneddon models are still frequently used
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some of their assumptions, such aghe absence of friction or surface adhesion, are rarely

valid.
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