- Microwesave Lone Distancss

—\Wireless Rower: Transmission =

~ Concepts, EMI and Biological
Hazards Considerations

SCE

-

Jacoeb Gavan {7 and

COST IC 1301 Toulouse 9.14



VIV, WERI Concepts, EMIiand

e O Y —_—

OO CliOn ———

- I\/hcrowave(MW) Wireless Power
Transmission (WPT) Concepts

= Terrestrial, High Altitude Platforms (HAPS)
= Solar Power Satellites (SPSs) -
MI) Effects

N1 Electro Magnetic InterferencesE
gical'Hazards Considerations

= Conclusions




Introcluciior)
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~ = Marconi , Popov, etc

— Terrestrial , RADAR and Satellite Systems

— High Altitude Platforms Station (HARS) =

= Wireless Power Transmission (\WPT)
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—"Solar Power Satellite (SPS)

— R.M. Dickinson, J.C. Mankins, H.Hashimoto
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REID Systems-Resonance effects —
— Short ranges WPT (0.1-100)m

= | ong Ranges WPT (0.1-38000) km

= Microwave (MW) or LASER

= Terrestrial operating MW WPT Systems

gesdPL: 2.4 GHz,30KW DC,8296,1.6 km, 1975
jﬁgmmm@mm7 km, 1992

= SHARP:2.45 GHz,10kWDC, 0.1km, 1987
= Kyoto U. Aircraft to Ground 5.8GHz 1993
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Dt (m)=(dr(m)x0.6/f(GHz))®>

Dt (with HAPs dr=20000m and F=5.8GHz.
Therefore Dt=45m

For maximal power transfer efficiency

At (m2)=dr(m)/2f(GH2)

Hawaii J. Mankins experiment 148 Km Pt=20W eff. very low at 2.45 GHz



Vol NN erment rJr
e Vet SYStEmT
Rioneer W.C Brown

LPF for ( Resistive | To Power

fundamental Load "
Conditionner

frequency

Rectifier
element




!e!‘ectﬂl‘

f3

Storage
>E element
fi 5(6,0) \

Y DC

> combining e DC-D_F_ Application
circuit L

Aqu‘" (B r¢') *

> E Controller

Antennas + Rectifiers

Source: Hagerty et al. (2004:1015)



http://www.google.co.il/url?sa=i&source=images&cd=&docid=WL6KhFBtGVWaAM&tbnid=y3uwFiQG66u1wM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.emeraldinsight.com%2Fjournals.htm%3Farticleid%3D1816914%26show%3Dhtml&ei=0slOUcDyJ4jrOsusgbgJ&psig=AFQjCNFMr0lt5yChOXmH_b1-cmOjrQXIQg&ust=1364204070050785
http://www.google.co.il/url?sa=i&source=images&cd=&docid=WL6KhFBtGVWaAM&tbnid=y3uwFiQG66u1wM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.emeraldinsight.com%2Fjournals.htm%3Farticleid%3D1816914%26show%3Dhtml&ei=0slOUcDyJ4jrOsusgbgJ&psig=AFQjCNFMr0lt5yChOXmH_b1-cmOjrQXIQg&ust=1364204070050785

rilrl flrr)

DIELECTRIC ,
SUBSTRATE [ - - [ - (+)

r _~ / -)
HALFWAVE
DIPOLES
== = p
_ T — (-)
LOW-PASS
FILTERS
MW / Ne
Beam ‘ . : ] < ] _(:')
[ 7 —

- . s (+)
= B A
- - i =)
DIODE AND
BYPASS
CAPACITORS
’ - — - (+)
Ay - Sl g
o - S
To the power
e conditionner |
R —

unit



d<dg

o Power
10 - 50 kW

=2.45GHz




GEOSTATIONMNARY
ion 3ystems

+

t

ToG

he proposed Radio-Commun

L
=
1]
™
e
HI
'
|
)

e
[.)
i
[
0]
i)
Q
n
a

s
i)
[l
t
1}
x

bt
i 3

=
£
o
A
=
.
m
O
E
=
(]

a
[




——

Low C f_’[_hé“‘pj atform and la

= ow maintenance Cost. Rapid deployment
= | ow Free Space Dispersion Losses

= |_ow power Consumption (Tx , Rx)

= High Reception Sensitivity

sarge coeverage zone relative to ground -
_ - ina______

= Good LOS (line of sight) Conditions
= Short time delay enable high capacity




HAPS Diszaclvalrt

S Lmntatlons‘lTF%U’IaTEnergy

B — :
= Vulnerable to enemy attack and Jamming

= Not yet Proved (Mature)Technology

B
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To satellites
»{\ SOLAR CELLS
[
At (_ Power conditionner
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Tx : Transmitters
Rx: Receivers
Bat: Batteries
At: Antennas

MW WPT HAP

Ground Station
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S Frequencyﬁangﬁs———
= 2.1GHz S Band, B= 60MHz, (9.6-384)kbps.
= (28- 31) GHz Ka Band, B=300MHz
= (47-48) GHz, B=300MHz for fast internet

ITU Allocations
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- MW WP T SystemsFrequenmeS
= |ISM (2.45, 5.8 and 24.5) GHz
= Atmospheric Windows (35,94 and 140) GHz .
= Precise Tracking and Control'Reguire:
= Phased Conjugated Retro-directive Antenna._

W —__
Signal at half Tx freqguency or DSSS

multiplexing.
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50 mm/HR
4 kM CLOUD

5 mm/HR

SEVERE —/\

THUNDERSTORM \

\
\

3 ; 9

L.atm .(db) for f=5.8 GHz and Rain path length of 4km and clouds;
weather at T=(0°C) and Rain: 5mm/h (0.05),10mm/h(0.16), 50mm/h(1.2),
100mm/h(2.8), and Severe thunderstorm (9)
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HAPMW WRPRT Systems

Elactrorriaignsic Iriterisrerice (EVI]

, onsiderations .
- -—I\/Ia1ﬂ-EMI—m|t|gat|on measures required

~ radie systems from WPT systems:

MW WPT Tx Stability and linearity more important
than power efficiency.

= Sharp filters at the WPT CW Tx output

= To reduce harmonics ,active and passive Inter-
%ﬁulaﬂon and Desensmzatlon Mltlgatlon —

Interference effects depend more on the
distance from the interference source than the
Interfering power.
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— TX antenna array control to reduce gratlng
- and side lobes protection from RFI

= Gaussian or Raleigh Tapers to concentrate
Tx power density at the array center .

= RECTENNA frequency selective surfaces
nd absorbers for HAPS tereduce EMI.

ﬂg—EMi Or higher

frequenmes but the atmospheric losses
Increase.

-

-
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— The radlat|0TTI\/IaX|mum Perm|SS|bIe

B Exposure (MPE) main standards are the
ANSI/ IEEE and the IRPA/ WHO .The time
averaging of exposure Is also impeitant and
a factor of security of 5 Is added to

iInguish between the general publlc and

=
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'- Above 300 I\7IHz the I\/IPE IS mcreased =
frequency due to MW radiation skin depth
Instead of resonance effects.

= The Transmitter and RECTENNA" phased
array perimeter has to be forbidden for the
ﬁferal public. For the professional staff the.
e ——

-

.mEi_SMIm&er.f.r.eunes exceeding
Hz.The damage value is 1500W/m? the

sun light power density S on the ground.




Table: The HAPS MW WPT antenna aperture: D1, Ar and S;
for 200kW transmitted power as function of fin case of
maximum power transmission efficiency (fig.6).

45. 5 22. 1 18. 5 11. 3
3850 1625 385 270 100
-——:—l -
S (W m?) 123 520 740 2000
=

Dt (m)=(dr(m)x0.6/f(GHZz))%>
Dt (with HAPs dr=20000m and F=5.8GHz.
Therefore Dt=45m



antenna Wavebeam

Figure 1. A diagram of the formation of a microwave
beam in the wireless power transmission-systei.

The Radio Science Bulletin 338; 2011 p26.



Figure 2a. The three-dimensional field-intensity dis- Figure 2b. The three-dimensional field-intensity dis-
tributions on the rectenna for the Gaussian beam. tributions on the rectenna for the Ravleigh beam: D,
and D y are the quadrupole sensors.

The Radio Science Bulletin 338; 2011 p 27.
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Frequency band 1.=60% n.=95% 1,=60% n,=95%  n.=60% | n.=95%
2.45 GHz A=A, (M?) 1224 2203 2448 4406 4.4x1065 7.9x106 pE—
D, =D; (m) - -

44.1 59.2 62.4 83.7 2650 3550
517 931 1034 1862 1.9x106 3.4x106
28.7 38.5 40.6 55.1 1750 2350

 souslmmmizaanl el 0.31x10° 056108
o S —]

11.7 15.3 16.5 22.2 705 950

94 GHz A=A, (M?) 32 o8 64 116 0.11x108 0.2x10°

D=0 (1) 7.2 9.7 10.1 13.6 470 570



2 20rsnlo difrnersions

Stratellite 3000
i Sanswire

Dickinson 300 18000*
Patent

Japan HAP 245 22400
Project 2002
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(WPRT) Evolution..

e O ——

____ Progress and Development in:
= MW Power Devices and Transmitters

(Klystrons, Magnetrons (SPORTS), TWT,
Gyratrons, Ga N, Si C)

= Rectifier-Antenna (RECTENNA) Systems
émart Phased Array Antennas ..
ﬁrﬁgsﬁmﬂﬁﬁm
= Robotic operation and 3D printers
= Smaurt Electrical grid

- —
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. MW WPT systems can be useful for supplylng
- HAPs with the required payloads, stabilization
power and energy for long operation of radio
relays, communication, broadcasting, remote
sensing and many other applications.

* The considerable R&D achievements in the
‘mld of SPS developr_nen_t es eually,b_y_._,__
Wﬂﬁ‘ﬁ@%ﬂﬁ* Syare very important

the future implementation off MW" WPT to

HAPs and other long range WPT projects.




= The challenges for HAPS MW WPT
systems are significantly lower cost and
easier to Implement than for SPS.

= The MW WPT systems optimal frequency
range for HAPs and SPS is the 5.8 GHz

ISM band.
ﬁa-e—El\/ll re restrictions are T —
|o -hazards threats are

significantly Iess for HAPs than for SPS
systems but the basic .problems are similar.




S Implementation of MW WPT systems for

HAPs may be useful for the EMI and bio-
hazard threats evaluations and
development of more challenging future

SPS systems.

Jihe crucial EMI and bio-hazard ISsues
uires llaboration with the ITU.
O, I[EEE and URSI and national

standard organizations
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