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Dyson Sphere

= A Dyson sphere is a hypothetical mega structure originally
described by Freeman Dyson in 1959; such a “sphere” would
be a system of orbiting solar-powered satellites meant to
completely encompass a star and capture most or all of its
energy output, which would be directed back to the
destination planet, presumably Earth.
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Energy Harvesting or Wireless Charging or
Wireless Power

= Wireless Charging: Limited mobility,
limited range, infrastructure charges

= Wireless Power: limited extended range

= Energy Harvesting: “"Free power”,
limited extended range 50% Efficiency

= Tesla Power: Still a "Pipe Dream” but
we are getting closer.
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RF Energy Harvesting Concerns

= Multi-Path Distortion
- Won't this eliminate Multi-path?

= Efficiency
— It is only 50% efficient, LDO’s are 96%

= Loading source

- In Power lines, the more load increases
current generation
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Old Energy Harvesting Table

Energy-Harvesting Sources Today

Energy Characteristics Efficiency A
ource Power
. Qutdoor o 100 mW/cm?
Light Indoor 10~24% 100 pW/cm?
Thermal Human ~0.1% 60 pW/cm?
Industrial ~3% ~1-10 mW/cm?
_ ~Hz-human . ~4 pW/cm?3
Vibration | 11 machines | 22~20% ~800 pW/cm?3
GSM 900 MHz 0.1 uW/cm?
i WiFi 0% | 0,001 iW/cm?
Courtesy of Texas Instruments
¢ IEEE
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RF Energy Harvesting Measured Distances

= The minimal RF input power required for
sensor node operation was -18 dBm (15.8
UW). Using a 6 dBi receive antenna, the most
sensitive RF harvester was shown to operate
at a distance of 10.4 km from a 1 MW UHF
television broadcast transmitter, and over 200
m from a cellular base transceiver station.

A Wireless Sensing Platform Utilizing Ambient RF Energy
Aaron N. Parks, Alanson P. Sample, Yi Zhao, Joshua R. Smith
Electrical Engineering Department and Computer Science and Engineering Department University of

Washington, Seattle, USA-98195 @IEEE
Ad
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Energy Harvesting (Applications)

Low Hanging Fruit: 1pA ~ 50 mA
= Battery-free wireless sensors
Using a UHF RFID reader, a RF

= - Industrial Monitoring harvesting circuit can be used to power

= - Smart Grid a microcontroller (MCU) and additional
sensors (strain, vibration, etc). The

= - Structural Health Monitoring MCU can comrmunicate to NXP's

= - Defense UCODE RFID chip via the 12C interface,
_ T . and the tag ID and data can be read

= BU|Id|ng automation through the RFID reader. The result:

= - Agriculture One infrastructure for communications
Y and power, no batteries, reliable

= Oil & .Gas _ operation.

= - Location-aware services

= - Wireless trigger

= - Low power electronics

= - Toys <4 IEEE
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Energy Harvesting (Applications)

Holy Grail (Hard to Reach Fruit) 500ma ~ 6.5 Amp+

[m]

m @ (W] ([

10

Cell Phone

Tablets

Laptops

Automotive (Electric vehicles)
UAV (Drones)
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Energy Harvesting (Applications)

Mid-Range Goals 50mA ~ 500mA
= Cell Phone (battery life extenders)

= Tablets (battery life extenders)

= Mice/Keyboards (input control devices/UI)
= In-Home phones

= Limited LED lighting

= Toys
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Energy HaI‘VESting-Tesla’s Dream realized-Sort of...

Radio Waves Adaptive Antenna Frequency modification (AM/FM ~ 80Ghz) RSSI AGC

{,y// Received signal strength indication Automatic Gain Control
Antenna :\A:mbtent energy: light, heat, motion, RF, etc

Energy M Energy Storage Perpetually
Harvester & Power Mgmt Powered
Sensor

RF - to - DC Power D Output Sensor(s) 3 U1 Low Porier & Low Porer
Conversion Conditioning to Load ) 1| Microcontroller " Transceiver

Environment: temperature, status, position, etc

Battery management
Maxim 17710 (Power Conditioning)

RF Power Harvesting

P2110 Power harvester™ Receiver
915 MHz (902-928MHz)

‘With current RF sensitivity of the P2110 ... receiver at -11dBm, powering devices or
charging batteries at distances of 40-45 feet from a 3W transmitter is easily achieved '

....Improving the RF sensitivity allows for RF-to-DC power conversion at greater =] S s 0
distances from an RF energy source. However, as the range increases the available , : - hE S
power and rate of charge decreases.” Harry Ostaffe, VP of Marketing and Business T Wl
Development, Powercast Corporation & IEEE
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GSM Power Levels

Power (dBm) versus frequency (MHz)
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= To Inspect tne Kr signal level or a IowW aensity spectrum,
measurements were conducted using a spectrum analyzer (Rohde &
Schwarz FSP) and a dipole antenna.

(m] 1 Active and Passive Electronic Components Volume 2010 (2010), Article ID 591640, 7 pages

Investigation of RF Signal Energy Harvesting

Soudeh Heydari Nasab, Mohamed Asefi, Lutfi Albasha, and Naser Qaddoumi @IEEE
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http://www.hindawi.com/14701037/
http://www.hindawi.com/14701037/
http://www.hindawi.com/58432941/
http://www.hindawi.com/83527930/
http://www.hindawi.com/69360158/

IEEE Standards — Vehicle Networking
Power Field Source: 2.4/5/60/77/80Ghs

24/60/77 Ghz RADAR
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Courtesy of freescale www.freescale.com

IEEE 802.11act™ - Multi-MIMO 500Mbtits to 6.9Gbits
IEEE 802.11p-DSRC/WAVE
IEEE 1602.

IEEE802.15.4 t™ —]EEE 802.15.4 is a standard which specifies the
physical layer and media access control for low-rate wireless
personal area networks (LR-WPANSs). It is the basis for the ZigBee,
ISA100.11a, WirelessHART, and MiWi specifications, each of which
further extends the standard by developing the upper layers which
are not defined
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Future RFID Gaming Systems
= Energy Harvesting
= E-Passport/NFC

RFID Community

= E-Newsletter-Looking for Editor
= Like a SIG, Open to all No-IEEE membership required
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