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What's system integration!

Ex. 1: fitness tracker



What's system integration!

Ex. 2: weather station - sensors

https://www.wunderground.com/p
ersonal-weather-
station/dashboard?ID=IUMBERTI
9



What's system integration!

Ex. 3: smart homes
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Why Energy Harvesting!

Ex. 1: tyre pressure monitoring



Why Energy Harvesting!

Ex. 2: extended structures monitoring

Golden Gate Bridge, San Francisco, California, USA
Total length: 8.981 ft (2,737.4 m)
Height: 746 ft (227.4 m)



Why Energy Harvesting!

Ex. 3: large open and wild area

Point Reyes National Seashore, California, USA
Area: 111 mi? (71,028 acres - 287.44 km?)!


https://en.wikipedia.org/wiki/Point_Reyes_National_Seashore

Why Energy Harvesting!

Ex. 4: big cities

Los Angeles, California, USA
Area: 503 mi? (1302 km?) - Population (2015) 18,679,763



Why Energy Harvesting!

https://www.i-micronews.com/category-listing/product/emerging-energy-harvesting-devices.html



Why Energy Harvesting!

https://industrytoday.co.uk/agriculture/energy-harvesting-system-market-demand-growth-factors-latest-rising-trend~forecast-to-2025

https://www.i-micronews.com/category-listing/product/emerging-energy-harvesting-devices.html
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Sources of energy

Discharge characteristic of a CR2032 battery.

(from ENERGIZER CR2032 datasheet)

Load: 15K ohms - continuous 21°C (70°F)
Typical Drain @ 2.9V: 0.19 mA
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Sources of energy

Renewable energy sources:
naturally replenished regularly!

https://www.eia.gov/energyexplained/index.php!page=about_sources_of_energy



Sources of energy
What about EH sources?

NiPS -ENABLES Summer School, Perugia 17-20 July 2018 . __.



Sources of energy



Sources of energy

. Are these sources

constant in time?

E.g.: generally vibrations are
not constant neither periodic!
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Powering issues

Google

43.300.000 pages!!!

energy harvesting powering issues Q.
Tutti Motizie Immagini Vigha Shopping Altro Impostazioni Strumenti
Circa 43.300.000 risultati (0,48 secondi)

Articoli accademici per energy harvesting powering issues

Power management in energy harvesting sensor ... - Kansal - Citato da 1295
Energy harvesting technologies - Priya - Citato da 1208
... circuit for non-linear energy harvesting with low voltage ... - Lallart - Citato da 216

Special Issue on Energy Harvesting and Power ... - IEEE Xplore
https_/fieeexplore.ieee. org/iel7/ 7 Fo6/7310795/07 310812 pdf - Traduci questa pagina

di S Patel - 2015

Special Issue on Energy. Harvesting and Power. Management. For over half a century, we have seen
astonishing increases in the computational, storage, and

Special Issue on Energy Harvesting in Wireless Networks - IEEE Xplore
hitps_/fieeexplore. ieee org/iels/5449605/ /06253077 pdf » Traduci guesta pagina

di 5 Ulukus - 2012 - Citato da 2 - Articoli correlati

issues as it powers mobile devices and. in general, wireless netwarks by ___ In “Sum-rate optimal power
policies for energy harvesting transmitters in an

NiPS -ENABLES Summer School, Perugia 17-20 July 2018 ..



Powering issues

Power requirements for different RF technologies.

http://core.spansion.com/article/energy-harvesting-devices-replace-batteries-in-iot-sensors/#. WvKtApdx202



Powering issues

15t reduce the power required by your application!

\

Ideal situation:
constant power

from the EH.

J———

http://core.spansion.com/article/energy-harvesting-devices-replace-batteries-in-iot-sensors/#. WvKtApdx202



Powering issues

15t reduce the power required by your application!

https://www.digikey.lv/en/articles/techzone/2014/oct/using-energy-harvesting-techniques-with-ultra-low-power-ics-to-meet-the-power-demands-of-wearables



Powering issues

15t reduce the power required by your application!



Powering issues

27d; try to optimize the energy conversion, storage and usage!



Powering issues

27d; try to optimize the energy conversion, storage and usage!

Energy is a limited quantity!

VOLTAGE
ENERGY ENERGY REGULATOR RTX
HARVESTER STORAGE &
SUPERVISOR

|
T



Power management
All applications generally require DC voltage supply.

/\

AC - DC Converter DC - DC Converter
Piezoelectric EH Solar EH
Electromechanical EH TEG EH

RF EH



Power management
AC - DC converter (1)

)
/1




Power management
AC - DC converter (2): voltage doubler

Mainly used for RF EH
https://www.allaboutcircuits.com/textbook/semiconductors/c —E 0 M e T T
hpt-3/voltage-multipliers/ [, 0 =20 4.0 B.O



Power management
AC - DC converter (3): multiplier

http://www.nutsvolts.com/magazine/article/dc-voltage-converter-circuits



Power management
AC - DC converter (4): diodes are replaced by MOSFET

Reduced energy
losses due to
near-zero volt

thresold active

diodes.



Power management
AC - DC converter (4): diodes are replaced by MOSFET



Power management
After an AC - DC and a DC - DC converters

v
a voltage regulator is generally required!

Linear Switching



Power management

Linear converters

Pros of Linear Power Supply
— No ripple and low noise
— Low in cost and complexity

— Better response time to line and load transients

Cons of Linear Power Supply
— Low efficiency
— High weight due to larger components

— Low load protection in case of failure



Power management

Linear voltage regulators: efficiency
P=AV-1 [W]

Puut Vuut ] Iout
P, Vin ° lin

v
Pﬂut Vuut ' qut . Vﬂut

7‘? p— p— p—
P Ve " gy Vi

since for a linear regulator 1,,; = I,



Power management

Switching converters

Pros of Switching Power Supply
— Higher efficiency

— Low weight and size due to smaller components (conversion
performed at high frequency)

— High load protection in case of failure

Cons of Switching Power Supply
— Ripple at switching frequency
— Possible emission of EM noise
— High in cost and complexity compared to linear PS
— Limited bandwidth to 1/10th of switching frequency



Power management

Switching converters
Most commonly used switching converter types:

Buck — used to reduce a DC voltage to a lower DC voltage.

Boost — provides an output voltage that is higher than the
input.

Buck-Boost — the output voltage can be lower or higher than
the input one.

Flyback — an output voltage that is less than or greater than the
input can be generated, as well as

Push-Pull — A two-transistor converter that is especially
efficient at low input voltages.

Half-Bridge — A two-transistor converter used in many offline
applications.

Full-Bridge — A four-transistor converter that can generate the
highest output power of all the types.

http://www.ti.com/general/docs/lit/getliterature.tsp?baseliteratureNumber=snva559&fileType=pdf
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Mechanical design

Several constraints:

Volume
Shape
Weight
Color

Material - many standards (RoHS, RAEE, LVD e
REACH...)

Impact resistance - EN 62-262 European standard

Tightness - Ingress Protection (IPxy)
Cost!

http://www.ti.com/general/docs/lit/getliterature.tsp?baseliteratureNumber=snva559&fileType=pdf



. .

.

1mpact resistance rating

IK

Mechanical design

1IKO00 Not protected
IKOL Protected against 0.14 joules impact

Equivalent to impact of 0.25kg mass dropped from 56mm above impacted surface.
K02 Protected against 0.2 joules impact

Equivalent to impact of 0.25kg mass dropped from 80mm above impacted surface.
KO3 Protected against 0.35 joules impact

Equivalent to impact of 0.25kg mass dropped from 140mm above impacted surface.
K04 Protected against 0.5 joules impact

Equivalent to impact of 0.25kg mass dropped from 200mm above impacted surface.
KOS Protected against 0.7 joules impact

Equivalent to impact of 0.25kg mass dropped from 280mm above impacted surface.
KOG Protected against 1 joule impact

Equivalent to impact of 0.25kg mass dropped from 400mm above impacted surface.
IKO? Protected against 2 joules impact

Equivalent to impact of 0.5kg mass dropped from 400mm above impacted surface.
KOS Protected against 5 joules impact

Equivalent to impact of 1.7kg mass dropped from 300mm above impacted surface.
K09 Protected against 10 joules impact

Equivalent to impact of 5kg mass dropped from 200mm above impacted surface.
K10 Protected against 20 joules impact
Equivalent to impact of 5kg mass dropped from 400mm above impacted surface.




Mechanical design

Ingress Protection IPxy

\ %

X y

http://www.govan.com.au/wp-content/uploads/2013/11/Protection-Against-Solid-Bodies-Liquids-Data-Table_JPG.jpg



Mechanical design

Easier with a 3D printer!

http://www.govan.com.au/wp-content/uploads/2013/11/Protection-Against-Solid-Bodies-Liquids-Data-Table_JPG.jpg
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An example of integrated system

HAT?2 - Hybrid Autonomous Transceiver V2

Small enclosure: 60 x 35 x 25 mm

* 1 piezoelectric non-linear vibrations energy harvester

* 1 solar array (2 x solar cells - Pmax =8 mW @ 3,9V,
Solar Simulator 50k LUX)

* 1 LDO voltage regulator: Vout = 3,3 Vdc, Iq = 3,2 pA

* 1 high capacitance tantalum capacitor: 1000 pF 6,3 V

* 1 NanoPower supervisory circuitry

F. Orfei, R. Mincigrucci, I. Neri, F. Travasso, H. Vocca and L. Gammaitoni, "Hybrid autonomous transceivers," Education and Research Conference (EDERC),

2012 5th European DSP, Amsterdam, 2012, pp. 173-177. doi: 10.1109/EDERC.2012.6532249 http://ieeexplore.ieee.org/document/6532249/



An example of integrated system

=YX kK V—oE(r)
dx

T

I’—_}xﬂl_ﬁl

F. Cottone, H. Vocca, L. Gammaitoni, "Nonlinear Energy Harvesting”

Phys. Rev. Lett. 102, 080601 (2009)



An example of integrated system

=50 gr. Tip Mass

Resonant frequency
down to 37 Hz

Harvesting Bandwidth (Hz):
Frequency Range (Hz):
Device size (in):

Device weight (0z):

Active elements:

Piezo wafer size (in):

Device capacitance: 3 - 4 nF

~ 1.66
.T 56
r Clamp Line—»

3 <

20 —=

80-205 <
2.74 x 0.67 x 0.032
0.115

1 stack of 2 piezos

1.40 x 0.57 x 0.008

‘ \—zx @110 THRU

NOT SUITABLE FOR
OUR APPLICATION!

|

Wide Band Noise!




An example of integrated system

23 OO, AC - DC + linear voltage regulator
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An example of integrated system

Solar ¢ B3
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An example of integrated system




An example of integrated system
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An example of integrated system

v 2.4 GHz 802.15.4

Temperature RF Transceiver
Sensor —>

16 bit / \ .

nController

Antenna

NiPS -ENABLES Summer School, Perugia 17-20 July 2018



An example of integrated system

Enclosure design: body

N

Hole for the magnet!



An example of integrated system

Solar cells housing!

Enclosure design: cover



An example of integrated system

HAT? prototype



An example of integrated system

Test on the shaker

Real vibrations can be used to
evaluate the time required to charge
the storage capacitor.



An example of integrated system
Charging a 1000 pf capacitor with a linear and

a non-linear piezoelectric vibration energy harvester up to 3.3 v

_1CV2
=73

O O



Power management

Voltage
across
the storage

capacitor

AC - DC + linear voltage regulator

NiPS -ENABLES Summer School, Perugia 17-20 July 2018



Power management

Voltage
across
the storage

capacitor

AC - DC + linear voltage regulator

NiPS -ENABLES Summer School, Perugia 17-20 July 2018



An example of integrated system

RTX Power Up
System setup /

' TX Start/Stop

Acquiring and preparing
data for the transmission
+

RTX Wake Up

\

System powered at 3.3V nController: sleep






