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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  30 - 300 KHz 10 - 1 Km 
Medium Frequency MF  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 – 1 m 
Ultra High Frequency UHF  300 - 3,000 MHz 1 - 0.1 m 
  L 1 - 2 GHz  
  S 2 - 4 GHz  
Super High Frequency SHF  3 - 30 GHz 10 - 1 cm 
  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 - 0.1 cm 
  V 40 - 75 GHz  
  W 75 - 110 GHz  
Sub-millimeter (TeraHertz) FIR  300 - 3,000 GHz 1 – 0.1 mm 
Mid infra-red MIR  3 – 30 THz 100 – 10 µm 
Near infra-red NIR  30 – 300 THz 10 – 1 µm 

 



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



Transmitting dish antenna
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Cassegrain configuration
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Main (dish) reflector

𝑧𝑧 𝑥𝑥, 𝑦𝑦 =
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Presenter Notes
Presentation Notes
כאשר F הוא הפוקוס של הפרבולה.




𝑧𝑧 𝑥𝑥,𝑦𝑦 = 𝑎𝑎 1 +
𝑥𝑥2 + 𝑦𝑦2

𝑐𝑐2 − 𝑎𝑎2

Sub reflector

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, 




The feed

Presenter Notes
Presentation Notes
Corrugeted  Edge taper  שגורם ל"צל" 



Antenna parameters
• W00=3.14mm
• R1=295mm
• R2=75mm
• Ls=67.8mm
• LT=125mm
• 𝑧𝑧=10m
• Ds=50mm
• Dm = 300mm



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

2x2 rectenna array

4x4 rectenna array
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Impedance matching network and filter
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Four patches rectenna
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Rectenna array 4x4 elements



64 elements rectenna

Use of MOT diode



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



DC power vs. Load 

31
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DC power vs. Load



The  W-band experimental setup 
with the Gyrotron source



0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0 40 80 120 160 200

D
C

 p
ow

er
 o

f 2
 x

2 
el

em
en

t r
ec

te
nn

a
[W

]
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DC power vs. RF power







MMW 
Full-wave 

Rectifying Antenna

RECTENNA



Full Wave Rectenna Circuits

• MS8350 (Microsemi)

• MA4E1319 (Macom)

• MA4E2040 (Macom)



MMW diode rectifiers

 



The Rectenna layout



S11 and impedance



Pattern



Experimental setup



DC power vs. load
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The END
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