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Wireless transfer of electrical energy

* Wireless power transfer - WPT
* Wireless energy transmission
* Energy harvesting

« Radiative power beaming



Technology

Range

Directivity

Frequency

Antenna devices

Current and or
possible future
applications

Inductive coupling

Short

Low

Hz — MHz

Wire coils

Electric tooth brush
and razor battery
charging, induction
stovetops and
industrial heaters.

Resonant inductive
coupling

Mid

Low

kHz — GHz

Tuned wire coils,
lumped element
resonators

Charging portable
devices (Qi),
biomedical implants,
electric vehicles,
powering busses,
trains, MAGLEV, RFID,
smartcards.

Capacitive coupling

Short

Low

kHz — MHz

Electrodes

Charging portable
devices, power routing
in large scale
integrated circuits,
Smartcards.

Magneto-dynamic
coupling

Short

N.A.

Hz

Rotating magnets

Charging electric
vehicles.

Microwaves

Long

High

GHz

Parabolic dishes,
phased arrays,
rectennas

Solar power satellite,
powering drone
aircraft.

Light waves

Long

High

>THz

Lasers, photocells,
lenses

Powering drone
aircraft, powering
space elevator
climbers.



https://en.wikipedia.org/wiki/Qi_(wireless_power_standard)
https://en.wikipedia.org/wiki/RFID
https://en.wikipedia.org/wiki/Smartcard
https://en.wikipedia.org/wiki/Phased_array
https://en.wikipedia.org/wiki/Rectenna
https://en.wikipedia.org/wiki/Solar_power_satellite

Radiative power beaming scheme
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System components

* High power radiation source
* Transmission system
* Directive focusing antenna

» Rectifying antenna — RECTENNA
 Power control



Applications
RFID

Satellites
Low altitude UAVs
Aircrafts / Drones

Remote sensors



Frequency spectrum for wireless communications

BAND IEEE FREQUENCY  WAVELENGTH
Extremely Low Frequency ELF 3 -30Hz
Super Low Frequency SLF 30 - 300Hz
Ultra Low Frequency ULF 300 - 3,000 Hz 1,000 - 100 Km
Very Low Frequency VLF @ 3-30 KHz 100 — 10 Km
Low Frequency LF A 30 - 300 KHz 10 -1 Km
Medium Frequency MF IEEE 300 - 3,000 KHz 1-0.1 Km
High Frequency HF 3-30 MHz 100 - 10 m
Very High Frequency VHF 30 - 300 MHz 10— 1m
Ultra High Frequency UHF 300 - 3,000 MHz I-0.1m
1.
dﬁ 2 -4 GHz

Super High Frequency SHF 3 -30 GHz 10-1cm

C 4 -8 GHz

X 8 -12 GHz

Ku 12 - 18 GHz

K 18 -26.5 GHz

Ka 26.5 -40 GHz
Extremely High Frequency = EHF 30 - 300 GHz 1-0.1cm

Vv = Hz

W 75-110 GHz _>

Sub-millimeter (TeraHertz) FIR 300 - 3,000 GHz I —0.1 mm
Mid infra-red MIR 3—-30THz 100 — 10 um
Near infra-red NIR 30 — 300 THz 10 -1 um




Radiative Energy Transmission

Wireless energy transmission using millimeter
wave radiation.

Frequency: 94GHz (W-band atmospheric
window).

Directive dish antenna focuses radiation onto
a rectifying antenna (Rectenna).

The rectenna converts radiative millimeter
waves to DC voltage.

Charging elements energize batteries ans
super-capacitors.



Extremely High Frequencies

Free of users.

Wide band

High directivity and spatial resolution.
(when utilizing high gain antennas)

Small antenna and equipment size.

Atmospheric windows — low attenuation

35GHz , 94GHz



Atmospheric transmission
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Transmitting dish antenna
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Gaussian beam
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Cassegrain configuration




Main (dish) reflector

x? + y?

z(x,y) = A7 F



Presenter Notes
Presentation Notes
כאשר F הוא הפוקוס של הפרבולה.



Sub reflector

x2_|_ 2
z(x,y) =a |1+ 24
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Presenter Notes
Presentation Notes
כאשר c הוא חצי המרחק בין שתי נקודות המוקד של ההיפרבולה, יש לחשב את פרמטר a בעזרת הביטוי a = c/e.
דיוק המשטח:
דיוק המשטח [23,24] הוא פרמטר חשוב מאוד בתכנון המערכת. טעות בְּדיוק הייצור יכולה להוביל למצב שהמערכת לא תעבוד, הדיפרקציות יהיו גדולות ואלומת הקרינה לא תתמקד במקום הנכון, כלל חשוב בדיפרקציה הוא שהמשטח יהיה לפחות 10 אורכי גל, לכן הייצור צריך להיות בדיוק של  λ 10  לפחות. התדר המרכזי במקור הקרינה הוא 94GHz ולכן אורך הגל הוא 3mm. מכאן נובעת המסקנה שנדרש דיוק ייצור של לפחות 0.3mm, 
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Antenna parameters

e Wy=3.14mm
e R;=295mm

e R,=7/5mm

e L.=67.8mm

e Lr=125mm

e z=10m

e D.=50mm

e D, = 300mm



Focusing region
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Fig. 3 Beam radius W{z) as a function of the distance z for various values
of L,



MMW
Half-wave
Rectifying Antenna

RECTENNA



Patches
array

RECTENNA

Impedance
matching

Rectifying
Y diode

Smoothing
filter




Hybrid Rectenna 2x2 array
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Results of CST simulation 2x2 rectenna array

dBi
13.2
10.8
8.38
5.99
3.59
1.2
-2.4%
-1.32
=1 2X2 rectenna array
-17.4
-21.9
-26.8
Type Farfield
Approximation enabled (kR >> 1)
Honitor farfield (F=94) [1]
Component Abs
Output Directivity
Frequency 9%
Rad. effic. -8.1927 dB
Tot. effic.  -0.1932 dB
Dir. 13.17 dBi
dBi
18
14.7
1.5
8.18
LRy
1.64
-2
-6
1 4x4 rectenna arra
-14
-18
-22
Type Farfield
Approximation enabled (KR > 1)
Honitor farfield (f=94) [1]
Conponent Abs
Output Directivity
Frequency 94
Rad. effic. -0.1337 dB
Tot. effic. -0.1328 dB
Dir. 17.99 dBi
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Impedance matching network and filter

25

=) &
=l Wit A

oo TR T
i e ST A, o
\m@m-n_..w\,wﬁ%n., A

SHINOY

Magnitude in dB

meter

S5-Para

Frequency [/ GHz



Four patches rectenna




Rectenna array 4x4 elements




Matching
stub

Use of MOT diode




2W Solid-state amplifier — 94GHz
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Power transfer with 0.4W source

W-band tunable
source
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DC power vs. Load
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DC power vs. Load

Pout, mW

z | \
1.5 \\“‘-—-‘P-\\

i
o5

= —-
o ==
(o] SO0 A OO0 1 S 200 =2 S0 SO0
R load
—p. [P FLAS (MNizhny Mowvgorod) - HO2a i A I rose i 1039 i Sy orks (COLG

EMicmsemi _ PDC . 0.62mWw

o P, 17.6mW
ES]ngorks _ PDC . 0.24mwW

EMott — PDC _ 33mW

> 17.6mW

=0.035=3.5%

=0.014=1.4%

=0.186 =18.6%

conv P

17.6mW




The W-band experimental setup
with the Gyrotron source

64 elements
rectenna

gyrotron

Rotating
platform




DC power of 2 x2 element rectenna [W]

DC power vs. RF power

0.016

0.014

0.012

0.01

0.008
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ErF-oc = 15mW / 73mW = 20.5%
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Vol. 131 (2017) ACTA PHYSICA POLONICA A No. 5

12th Symposium of Magnetic Measurements and Modeling SMMM 2016, Czestochowa—Siewierz, Poland, October 17-19, 2016
Characterization of a Schottky Diode Rectenna for Millimeter
Wave Power Beaming Using High Power Radiation Sources

A. ETINGER, M. PiLossor, B. LITvAK, D. HARDON, M. EINAT, B. KAPILEVICH

AND Y. PINHAST
Ariel University, Ariel 40700, Israel

Two principal elements play a role in a wireless power beaming system: a high power radiation source as the
transmitter and a rectifying antenna (rectenna) as an RF to DC converter at the receiving site. A millimeter wave
power transmission is analyzed using transmission system and a W-band rectenna based on a low-barrier Schottky
diode. A quasi-optical approach is presented here, using free-space Gaussian propagation and optical ABCD
matrices for lenses. Experiments are made to estimate the optimal load resistance and power handling capability
of a single rectifier. A low power W-band tunable solid-state source delivering 0.4 W CW power equipped by the
focusing lenses is used to characterize the responsivity of the rectenna. A pulsed power gyrotron is used to identify
the diode breakdown point. It was found that the RF-to-DC conversion efficiency corresponding to the optimal
load of 200 € is about 20.5% while the maximum DC power converted by the diode with optimal load is about
15 mW before breakdown.

DOI: 10.12693/ APhysPolA.131.1280
PACS /topics: 84.40.—x, 88.80.hp, 88.80.ht, 42.25.Bs
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MMW
Full-wave
Rectifying Antenna

RECTENNA



Full Wave Rectenna Circuits

e MS8350 (Microsemi)
e MA4E1319 (Macom)
e MA4E2040 (Macom)
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MMW diode rectifiers

Configuration 1 2 3
MA4E2040 'MA4E1317] MA4E1319

Rectifing diode Full/Half wave| Half wave Full wave

Impedance matching | SWP4-156 NA SWP2-296

Load resistor[(l] 100 100 200

DC powerlmVV] 46 13 21

Efficiency[%] 33~ O~ 16~




The Rectenna layout




Impedance / Ohm

175
170
165
160
155

145
140
135

125

92

Z-Parameters [Real Part]

S11 and impedance

S-Parameters [Magnitude in dB]

—51,1

92 92.5 9.3 93.5 94 94.5 95 95.5 96 96.5 o7
Frequency / H7

Z-Parameters [Imaginary Part]
==Ll ' '

Impedance / Ohm

B

594 95 96 o7 92 93 94 95 96 97

Frequency / GHz Frequency / GHz



dBi

Pattern

Farfield Directivity Abs (Phi=0)

f

— farfield (f=94.36) [1]

Pr
A

| {{Jﬁ

Frequency = 94.36 GHz
Main lobe magnitude =  11.5 dBi
Main lobe direction = 3.0 deg.

1 : ‘ H - b H + - + . .
0 20 40 60 80 100 120 140 160 180 Angular width (3dB) = 16.2 deg.
Theta / Degree Side lobe level = -11.7 dB




Experimental setup

Signal
Generator

Detector
Power

Power Supply !
PA — Power Supply
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