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What Is an energy harvester ?
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Historical humarmadeenergyharvesters
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Energy havesting applications
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Microscale energharvesters

MEMSbased drug delivery systems

BohmsS. et al2000

Heart powered pacemaker

J Schematic of pacemaker system.
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EnergyHarvesting research
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Dynamical modebf VEH
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Vibrationalenergyharvesting
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Dynamical modebf VEH

L

Transducer

The transducer can be PIEZOELECTRIC, ELECTROSTATIC OR
ELECTROMAGNETIC in general
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Dynamical modebf VEH
N t F(ty=- my l

Transducer

Transduc:er
DIRECT FORCE

INERTIAL

At micro/nanoscale direct force generators are much more efficient
because not limited by the inertial mass!!!

T.e.m'2+ dz +—dU ay > Fmz+ dz +—L;(Z)
I I z
PV, +(w, +'4va =/ PV + (o +wV,
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Dynamical modebf VEH

F()=- my
(1) t

Transducer

Transducer

Power fluxes
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P (t) = F(t) @1 P()= my £ '

R()=aV, 49

Inertial generators
requires only one
point of attachment
to a moving
structure, allowing
a greater degree of
miniaturization
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Dynamical modebf VEH

mz+ dz +——=( &V ) =i » 2 Parameters that depends only
H H CWI . .
on the transductiontechniqué

| | | emz+ dz +kz & V =m
For LINEARechanicabscillators with » i
elastic potential well V. +(w, +wV, =/ w
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Dynamical modebf VEH

émz+ dz+kz a V. =M
Vot =

For LINEARechanicabscillators »

By substitutings=w in , we can calculatethe electrical
power dissipatedacrossthe resistiveload

M m wj w 2
= RwW=7 2R (W+w<m%v 4wl a]
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Dynamical modebf VEH

In approximate version (William et al.)
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WhereQ isthe mechanicafuality factor. Note that in this modelw,, | anda are
includedin the electricaldampingfactor d,
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Plezoelectriconversion
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Electromagneticonversion

Equivalent circuit
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Electrostaticconversion
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Comparisorof conversiontechnigues

Technique Advantages ' Drawbacks .
Piezoelectric A high output voltages A expensive
A well adapted for A small coupling for
miniaturization piezoelectric thin films
A high coupling in single crystal A large load optimal impedance
A no external voltage source NBIlj dzZA NBR 6 a Ko
needed A Fatigue effect
Electrostatic A suited for MEMS integration A need of externabias voltage
A good output voltage (A0V) A relatively low power density
A possiblityof tuning at small scale
electromechanical coupling
A Longlasting
EIectromagnetic A good for low frequencies (5 A inefficient at MEMS scales:
100H2z) low magnetic field, micro
A no external voltage source magnets manufacturing issue
needed A large mass displacement
A suitable to drive low required.
impedances
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Microscale energnarvesters

Piezoelectric

ZnOnanowires

PZT/Si cantilever

Wang Georgia Tech2005
Jeonet al. 2005
“*—-.‘.________ piezoelectric
ﬂ AIN thin layer

Aluminium

electrode

®
mass

M. Marzencki2008¢ TIMALab (France

D. Briand, EPR2010

F. Cottone IESRES Erasmus+ Teaching AcBhdt@ctober2017- VitoriazGasteiz, Basque Country



NiPS.aboratoryg Department of Physics and Geolagyniversity of Perugia

Microscaleenergyharvesters

Electrostatic and electromagnetic

Mitcheson2005(UK)
Electrostatic generata2OHz
2.50W @1g

Cottone F., Basset P. ESIEE Pati3

P 4
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Le andHalvorsen2012
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Microscale energy harvesters: scaling issues

First order power calculus with William and Yates model

Vout The instantaneous dissipated power by electrical damping is given by
d . 1, .
¢ h P(t) =— fF(Bdx = d ¥
V dt 2
The velocity is obtained by the first derivative of steady state amplitude
i o 3.
that is . W 0,}")){2 X = wY, |
%y, O Ja@- 1’y {2, %))
—_ n B
R= XN . 2 2 2
e aw 09
A-z oU% Z{e +%)*
e ¢™m 4 €

At resonance, that is=w, , the maximum power is given by

_ 2
mz, lﬁ% _ nt d W or with acceleration amplitudé,= 2Y,. mz. A
Az.+ z) 2d, d,) (ot &

Max power wherthe condition
z~=zis verified

e —

eI

for a particular transduction mechanism forced at natural frequency
w,, the power can be maximized from the equation
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Microscale energy harvesters: scaling issues

First order power calculus with William and Yates model

w, =28, |52
rl
s h
‘/W ‘= Ewh’

< > X |3
My = Mean 90.32m,, 3wl 032(] 14) r,

< o MK (whrg+0.320 /4§ 1) x (wh 4+0.32( /4) .4 .
° aw(z,+ X 8 Wz [E h
n n l C o
60 " rsi |2 %

At max power conditiolz,=z,

_ 741800+ 0.32 B o0

A=1g
By assuming 2z, =0.01 » Pel 16 E U
C /r— z

h=1/200

w=1/4 2—00'0 n
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Microscale energy harvesters: scaling issues

First order power calculus with William and Yates model

Boudaryconditions C1
w =2 /i: Eh doubly clamped 1,03
¢ h " " r |2 cantilever 0,162
< > /W k:)(EWh3 S(())rl:(‘jjiz(r));ls Uniform loadX  Point loadX
| N doubly clamped 32 16
cantilever 0,67 0,2t
A Low efficiency off resonance °
| — =005
A High resonant frequency at
miniature scales
A PowerA A2*where A is the
acceleration andthe linear
dimension o2 o4
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Microscale energy harvesters: scaling issues

° L A=19
IR RIR R I R N 1l z.=0.01
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. MEMSVEHs
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Piezoelectric micrillars

ZnO Pillar ZnO forest

o =rf
:_’:=

Why ZnO

A NontoxicA bio-compatible
A Wurzite structure

A Easy to fabricate

A Vast morfology
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