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Wrd ess Power for Mna ure Sensors

Goal: Eliminate wires and battery replacement from sensor applications

Approach: Efficiently harvest energy from RF sources through integrated
design of rectifying antenna (rectenna) elements and energy harvesting
circuitry. Both are optimized for operation at ultra low power levels.
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Nicola Tesla’s patent No. 685,954, Nov.5, 1901, Claim 11:




Rect enna Ded gn Cons deraions

 Incident wave frequency and power density — g ven by trans mtter, can be
narrowband, multi band o wideband Power vaies depend ng on apgdication
from mWto pW c n?

 Incident wave polarization —the ant enna can be pd aizedlinearly, arcu alyor
non-pdarized (dligical). Inamultipath enmronnment, pd aizaionislikdytovay
over the sphericd and e- des gn adud-athogonally pd arizedrectennato
prov deless varidionin DC power

- Loadimpedancethatisrequred —ths wll depend on what device wll be us ng
therectified power. Wetes the rectenna aray ouput as afunction o DCIl oad

 Substrate and metallization —if aflexdethnsubstraeis desred, gound
backed art ennas such as patches are na likdy cand dates, sprals and d pd es
can be used If substrat e can beth nner, fa narrowband sour ces, g ounded
pat ches a e best.

« Antenna array size — depends on apgdication Aea shou d be measuredin
squar e wavd engt hs (A9. Packing density o arntennasin aray det e nnes
effi d ency.

 Rectification device -the cha ce of d ode depends on frequency and expect ed
power densitylevd s O odes tha work wdl for | owpower levd s will na be best
fa ahgher power case
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2. 45GHz Rectenna, Dud-L near Pd ari zatl on

Experimental Setup for Measuring Output Characteristics
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Sx 4dement Linear Rectenna Arrays

Output characteristics of a single
4-element section
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Broadband Rectenna Array

* For unknown electromagnetic

environments, ultra broadband arrays 7
are desirable (2 to 18 GHz)

» Right and left hand circularly %{“ﬂ"f‘
polarized spirals give polarization
diversity which equalizes DC power
in a multi-path environment

» No matching circuit between antenna

and diode improves fill factor
« DC output is reconfigurable via series

4TS




Power Manageme nt

Power Data Transmission
. Energy
Receiving Antenna
g ’—P Storage —l Antenna
— Power Converter Sensor Platform
Rectifier
_’|_ —» Control —P Wireless
Hardware Transmitter

« Power converte transfers energy fromrectennato energy sorage and
ddivers DC ou pu
— Openloopressa enu aion ach evable wth dtralow power contrd
overhead, naturdly tracks rectenna peak power pa nt over wde
range
 Converte operaedinbust node wtha sdectad eburst duty
cyde
* During burst oper @ion, converter operat esin constant on-ti e
fixed frequency d scorti nuous conduction node o vari ald e
frequency criticd conduction node




Boost Gnvertea Andys s

o
V + V- Q,
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A
-
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ate
£4te, energy storage

gate, _| E Q Co== V, |element

Resistance emulated of boost converter in DCM dependent on V,

and V/:
2-L-T . ( M—1 2-L-T
R = A for V. <<V =R = L
em_bst _dcm t12 k ( M j in o em _bst _dcm t12 ; k

Boost converter in CRM, emulated resistance independent of V,,




D screteConverta Experi nentd Resuts

« Near constant res sor o | |
emu aion over a 101 f e oy N by
range of i nput power 2 | U ORI SUOSTE 00 VS 8 ARSI WO B
levd s | |
) ’?h'Utan)ithmcrr:ilarcrgc?-Sb;tA;rlyS v Pulsed Operation Converter Waveforms
* Harvesti ng effia ency Pinpur Vin Remutatea Pout )
or eat er than 60 % at (W) V) (£2) (nW) (%)
~100 p Wi nput power. 112 0.277 687.0 69 61.6
S ¢ "T-Diode \ 211 0.381 686.9 151 71.6
679.7 287 75.5




Custom Power Management | C

* Developed a custom power management
IC to achieve high efficiency (>70%)
down to 1 UW input power

* Detailed system efficiency optimization
analysis performed to design integrated
power device, gate drive and on-chip
parameter selection

* Designed to drive boost and buck-boost
converter topologies from 1 UW to 1 mW
input power

* On-chip parameter selection suitable for
resistor emulation from 100 Q to 10 kQ

» Expected harvesting efficiencies from
70% to 90%

e Shutdown power consumption of 500 pW
with restart time of 1 ms.
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Applicati on Exampl e
Low duy cyd e patient hedthmontori ng sensors

 Patients with physical or cognitive disabilities or other health
concerns often need to be monitored for extended periods of
time 1n a controlled environment

« Developed a non-invasive, low-maintenance, wireless

1 1 Q
platform for continuous, low duty cycle operation Sensor momnitors 3-exis

« RF Power: used 6cm x 6¢m, dual linear polarized, 2.45 GHz motion & orientation,
rectenna with resistor emulation boost converter and 4.2 V temperature, skin

thin film 400 pAh battery from Front Edge Technology resistance, input power
and stored energy

Sensor Rectenna

Platform

4V Thin
Film Battery



Power Usage Prdile
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Power Consumption/Lifespan Profile
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Low Power Wrd ess Sensor
Overview

» Module acquires data from sensors

using onboard ADC, temporarily — W —
stores the data, then transmits it at ' :]
2.4 GHz to the receiver station Pheeeleromeler ~uART | J

»47uF Cap ? I
* The receiver can be ~10 m away at L [ — <:>
ransceiver, »2.4Ghz RF

0 dBm (1mW) output power

»Regulator

« The sensor module is controlled by t
an onboard microcontroller unit >Power Module |
(MCU) optimized for low-power "‘

> Rectenna




System Hardware Descrifdion

Picture courtesy of: http://www.23art.com/images/Archviz_Pic_L5.jpg
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RF Exposure Levd s InEveryday Life
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» Demonstration unit operates
up to 5 m away from RF
transmitter




Apfdicaions to Date

 Broadband harvesting and RF power absorptionin a
dense unsaf e trans mtte environ ment

* Hezodedrictomograph c arcaft hedthmontoring far
M Cr ocorr os on

« Powering of sensarsin water pumps inst dled beh nd
concrete wals

 Powering of lowmal ntance human health nontaing
dev ces

« Powering drone sa dlitefrom host sadlitethrough
drecaive beanmng

 Recyding g de-lobe power insadlitetransmt ant ennas
usi ng dedoyal e rectenna arr ays.
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Appdicaion Characteistics

Power Sze | Hequency |Pd ar zaion

Br oadband H gh Lar ge 2-18 GHz A dtray

Har vesting

Arcrat Med um Med um 10 GHz and e Li near

Hedth frequency

Wat er Pu nps Low Sl | SM Band Dud Linear
narr owband

Hu man Low Snmal 2.45 GHz Dud Linear

Hedth narr owband

Sat dlite H gh Lar ge S ndeTone Li near

Powering

Sat dlite H gh Lar ge Trans mitter Dud Crcda

Har vesti ng Dependarnt
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Q her Apdicaions Currerntly Unhder Investigaion

B s __‘,.
Wirelless switch Powering of Elminate need
for improved wireless devices & el
accessibility indefinitely o

Larger-area “wall-paper”
for ambient radio-wave

energy recycling



Condusons

« Basicconcepsfa RF power patertedover 100 years ago
by Tesla indud ngwrd esstransmsson d energy, staage
of energy over ti ne and power and|oad nanagenent on a
recauvng device

« RF and power goups a UG Bou der have been researchng
technol og es and devd opng practicd sd uionsfa wrd ess
power ddivery and reception ancethe md 1990s

« Denonstraed sd uions rang ng fromsub- nncrowatts to
hundreds o mlli watts linear and darcula pdari zaion,
conti nuous and pused|oads, rig dtoflex d e substrat es

 Currently buld ng anindustry sponsored wrdess power
research cente wth apgicati ons rang ng from consu ner,
commerdd and mlitayto b omed cd
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