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WPT S S/J!’.r‘fﬂ)

A
-

~ ARFEID Systems-Resonance effects —
~ AShort ranges WPT (0.1-100)m

A Long Ranges WPT (0.1-38000) km

A Microwave (MW) or LASER

A Terrestrial operating MW WPT Systems

gAdPL: 2.4 GHz,30KW DC,8296,1.6 km, 1975
W:mﬁ%ﬂ@k@? km, 1992

A SHARP:2.45 GHz,10kWDC, 0.1km, 1987
A Kyoto U. Aircraft to Ground 5.8GHz 1993
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Dt (m)=(dr(m)I 0.6/f(GHZz))°:5

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

For maximal power transfer efficiency

At (m2)adr(m)/2f(GH2)

Hawaii J. Mankins experiment 148 Km Pt=20W eff. very low at 2.45 GHz
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-~ AlLow C f_’[_hé“‘pj atform and la

~A-Low maintenance Cost. Rapid deployment
A Low Free Space Dispersion Losses

A Low power Consumption (Tx , RX)

A High Reception Sensitivity

#' sarge coverage zone relative to ground -~
- - u r
Good LOS (line of sight) Conditions

A Short time delay enable high capacity




HAPS Diszaclvalrt

_A_Llrmtatlons‘lTFSﬂaTEnergy

:——-‘—l :
A Vulnerable to enemy attack and Jamming

A Not yet Proved (Mature)Technology

B
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A requencyﬁangﬁs—-—
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A2.1GHz S Band, B= 60MHz, (9.6-384)kbps.

A (28- 3 ). GHz Ka Band, B=300MHz

A (4 748) GHz, B=300MHz for fast internet

ITU Allocations
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J\/]W WPT /5 SIISERCICIEICIS
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__A MW WP T Systems Frequenmes
AISM (2.45, 5.8 and 24.5) GHz
A Atmospheric Windows (35,94 and 140) GHz .
A Precise Tracking and Control Require:
A 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

= CloA o magmsur Iriterfererice (EV)
P onsiderations
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= a1ﬂ-EMI—m|t|gat|on measures required
~ radioesystems from WPT systems:

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

A Sharp filters at the WPT CW Tx output

A To reduce harmonics ,active and passive Inter-
ulatienrand Desensitization. Mitigation —

ed
%@Wﬁ%ommum R —
INterference effects depend more on the
distance from the interference source than the
Interfering power.
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ATx antenna array control to reduce gratlng
" and side lobes protection from RFI

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

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

ﬂﬁg—EMi Or higher

frequenmes but the atmospheric losses
Increase.
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AThe radlat|0TTI\/IaX|mum Perm|SS|bIe
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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Hazard Consideration (2

A Above 300 MHz the MPE is increased with
~ frequency due to MW radiation skin depth
Instead of resonance effects.

A The Transmitter and RECTENNA phased
array perimeter has to be forbidden for the
eral public. For the professional staff the

@MES exceeding
- Hz.The damage value is 1500W/m? the

sun light power density S on the ground.




