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Electromagnetic spectrum

AN NV VA VA VA VAVAVAVAVAVAVAVAVAAVIIITIT)

Radio waves Infrared Ultra- X-rays Gamma rays
AM FM TV Radar violet
TDIUm ; m {cm EHIZII cm TUU{IJI nim 10 nm 0.01 nm GI.GDDT nm
VISIBLE SPECTRUM

I

e00 nm
The energy of the single photon is inversely cC=AVL
proportional to the wavelength: E=hv
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Spectral Irradiance (W/m2/nm)

o
wn

N
N

N
wn
)

-
1

o
v

O-
250

Radiation harvesting

Solar Radiation Spectrum
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* Light (solar) harvesting
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Plants

* We don’t always need (transistor) electronics

s Photosynthesis
s and
= Respiration

Energy is collected into
a chemical storage system




Photocatalytic water splitting

solar energy

H,0 " —p H, +1/20,
‘ photocatalyst . .
Artificial photosynthesis
(iii) H;
b o /)C = Dissociation energy: 1.23 eV
o-f() (infrared), but there must be
+ A .
29 absorption so A<180nm
o
H,O0 D/ recombinatio
0,

R. Abe, J. Photochem. Photobiol. C || (2010)

Ongoing research on the best way
to promote this reaction.

Catalyst agents: TiO2, K3Ta3B2012, Cd(1-x)ZnxS,...



Solar thermosyphon systems

We can also acquire energy in the
form of heat.
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Solar thermodynamlc power plants

La tecnologa del solare a entrazione a sal fusi con spacchi parabolici
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TURBINA + GRUPPO ALTERNATORE CONDENSATORE DI VAPORH

TURBO ALTERNATOR

Angelantoni group: http://www.archimedesolarenergy.it/

The heat is stored in high temperature (550 °C)
moltens salts = night operation



Photovoltaic devices

 Direct electric energy

 High power (EH) ~100 W/m?

» Scalable (~ mW/cm? , solar
plants)




Band theory of solids

Bands form from the
separated energy levels of
free atoms
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According to the filling of the
bands we have different conduction
properties

Conduction needs unoccupied
electronic states
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Semiconductors

Semiconductors are insulators

with a small energy gap
bewtween valence and
conduction band

Empty
Empty

E Small gap E Largel gap

Semiconductors Insulator s

E,=1.1eV (Si)
E, =0.67 eV (Ge)
Eg = 1.41 eV (GaAs)

3 E
o =ne(u + =C-e(p, + -T2exp| ——<
i i (ﬂe ﬂh) (ﬂe ﬂh) Xp[ 2kT)
In intrinsic semiconductors the conducibility
depends on holes and electrons. Their
number is related to temperature.
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Light absorption
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The energy needed to bridge the gap can also
be provided by photons

log Penetration depth 1/ [uum]



Direct and indirect gap

Conduction : Conduction
GaAs Si o
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According to whether the smallest energy difference occurs at the same
momentum value or not, we speak of direct or indirect gap semiconductors.

Indirect transition are less probable as they require the presence of a phonon



At room temperature silicon conductivity is low.

Doping

We can increase it by doping.

Silicon has 4 valence electrons: [Ne]3523p2

doped semiconductor

‘ Silicon ® Electron ‘ Phosphorus ‘ Boron
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Doping increases the number of
carriers of one type:

electrons: n-type semiconductors
holes : p-type semiconductors
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pn junction

neutral region region neutral region
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The contact region, depleted of mobile carriers, is called the
Depletion Region (thickness 0.5 — 1.0 pym).



Diode

Forward Direction No External Voltage Reverse Direction Current — Voltage Characteristic curve
ofa P-N junction o
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Direct current can flow once the barrier at the depletion region

is overcome (0.7 V)
Reverse current cannot flow because the motion of the charge

increase the size of the dep. regione.
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The carriers generated by the light photons
SOIar Cel I are subjected to:

|) drift ,driven by the electric field

2) diffusion from high concentration zones

No External Yoltage

0.7V
auo7 uona|da(y

Electric equivalent
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Efficiency of solar cells
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Efficiency (%)
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Overcoming the SQ limit
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Harvesting of
environmental e.m. radiation

THE ELECTROMAGNETIC SPECTRUM
SELF ELF LF/MF/HF/VHF/UHF SHF - EHE
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EMF Sources
MRI/ DC Earth & subways Mobile AM/FM v Cell/PCS UMTS Microwave & satellite

o-0 EI@ ’X 8-160 nW/cm?

r
T .
! |m (10 m distance)

| GSM, UMTS > 3G: 100mW-2W

2
| 70 dBuV/m = 3.2mV/m old UHF TV band | ‘ 3 PWI cm

’ FM radio: 100kW to achieve good receptlon at 50km ‘ s
A 4
| 50 Hz, 100W-10kW | '

v ISM bands (900MHz-2.4GHz): 0.3 nW/cm g

| DC (no radiation) | WIFI (100mW), Bluetooth (2.5mW), ZigBee (<1mW) (50 km dist )
m distance

L

8,0.2 nW/cm? ,<80 pW/cm?

(10 m distance)

Data from Gabriel Abadal Berini «Introduction to energy harvesting from
electromagnetic radiation sources” NIPS Summer School 2013



Crystal radio

Whether the power you can
collect is low or high depends
on the device you consider

One slide
funing il\

Wl

Antenna

Defector

D

Bandpass Detector
Filter  (Demodulator)

=
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Wireless energy transfer

Antennas or
Coupling Devices
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Power
Source Transmitter

Magnetic ~—— Light bulb
resonance method
| = €l r
Powe
supply coil

Receiver Load

0.9m: 90% efﬁciehcy

The radiation is produced in order to
power the distant device connected to
the receiver (@

Toothbrush
Primary coil ., on
inside charger g#:] - charger
stand
o || Rechargeable
battery
[

Second"éry coil
inside base
of brush

www.explainthalstuff .com

Wall Charger
outlet unit



Antenna
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First rectenna (1963): Rectlflcatlon CirCUit
28 half-wave dipoles connected

to bridge rectifiers 1IN82G.
7W produced. 40% efficiency Similar to Cat’s Wisker
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power of the carrier.
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Recycling Ambient Microwave Energy With
: @@a Broad-Band Rectenna Arrays

Joseph A. Hagerty, Student Member, IEEE, Florian B. Helmbrecht, Student Member, IEEE,
William H. McCalpin, Student Member, IEEE, Regan Zane, Member, IEEE, and Zoya B. Popovié, Fellow, IEEE

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 52, NO. 3, MARCH 2004

NiPS Summer School 2017 24



RF PN
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antenna
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Drawing from Abadal, et al. “Electromagnetic Radiation Energy Harvesting —
The Rectenna Based Approach” ICT - Energy - Concepts Towards Zero -
Power Information and Communication Technology
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RF-Antennas

Half wavelength
= -

Quarter Quarter
wavelength wavelength

N Feeder

Typical size: A2

Exploiting different e.m resonances
* metamaterial — Split Ring Resonator A/40
* Plasmonic A/10 - A/100 (IR or visible)

* Dielectric resonator M/10




Coupling acoustic to e.m. resonance

Nanotube Radio

K. Jensen, J. Weldon, H. Garcia, and A. Zettl*

Electromechanical
Nanoresonators

Features

high sensitive (mechanical resonance can be
finely monitored)

wireless (by em waves )

energy transfer (normal acoustic modes
externally stimulated)

smaller size

E_, sin(w,f)




Conclusions

* Solar energy can be collected and stored
by different means

* Photovoltaic cells can collect directly
electric energy

* Environmental em radiation can be
collected by means of antennas

* Is the energy harvested at
microwaves/radio frequency enough to
power devices!



