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INTRODUCTION 

Microwave power transmission Is an important future technology for 
energy supply to an isolated and/or moving object to wh ich it i s difficult 
to construct a power line . The technology Is 8 strong candidate as a .eans 
of energy supply to an unmanned vehicle flying at 20 kg altitude for 
microwave r elay , environmental monItoring and othe r applications . An 
instrument called a rectenna (rectIfying an tenna) i s used to extract a DC 
power from a propag8tl~r ~~'irQ~~ve. Several studies have al ready been 
performed on rectenna J.l .l '; however , they are designed basically for 
SPS (solar power satellite) applications. 

In this paper , we propose a new type of rectenna consists of a fl at 
mount rectIfying ci rcuit for a flying unmanned vehicle . Some preliminary 
results from a fundamental experiment are given to show the feasibility of 
rectenna development. 

DESIGN 

A rectenna element is a device with which a propagating microwave is 
received and converted into DC power. It consists of an antenna element, a 
diode for rectifying a microwave and filters. A half-wavelength dipole 
antenna is so~et imes used as an antenna eleaent fo r a rectenna. Since the 
rectIfying diode is a nonlinear element, higher harmo nics are generated 
when a microwave is applJed to the diode. Filters are thus used to reduce 
t he amount of higher harmonics power which backs to the antenna element. 
The higher harmonics energy must be only a fraction of the received 
microwave energy ; however , total amount of microwave energy impinging onto 
the rectenna Is very large . so that it would be impossIble to neglect t he 
influence of the higher harmonics energy even it is only a fraction. It is 
therefore wo r t h to reduce the effic Iency of t he antenna elemen t to radiate 
higher har.onlcs. Since a half wavelength dipole also resonates at higher 
harmonic frequencies, better selection of an antenna element is necessary 
from a r adio envi ronment point of view. Here. we have adopted a circular 
mlcrostrip antenna for a rectenna as was used in (1) , since it s r esonan ce 
fr equencies correspond to roots of a cylindrical function and do not 
co incide wi t h higher har.onic frequencies. A micros t r Ip struc ture Is 
su i table froa a view point to pro tect a rectifying circuit including a 
dIode with a ground plane from a st rong microwave rad iation . For ease of 
fabri cati on and adjustment, it is desirable to accommodate a rect ifying 
circuit on one plane with microwave feeders . To realize a one plane 
rectifying circuit in which no through holes are necessary to mount diodes, 
we have adopted the balanced circuit as shown in Figu re 1. A circular 
patch is fed at two points where the signal phases are dif ferent by 1800 to 
each other. An el ectromagnetic coupling technique is intended to use in 
the present rectenna design to separate the antenna and t he rectifying 
circuitry . Filters to rej ect t he 3rd and 5th harmonics are inserted 
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between the antenna feed points 
and the diode. After 
rectification. DC energy is 
introduced Into a DC bus Une . t\ 
capacitor attached in the DC bus 
line reflects the odd-order 
harmonics and shorts the circuit 
for even-order harmonics. Thus 
there would be no microwave 
component In the DC bus line after 
the capac i tor. 

Figure 1. A proposed rectify ing 
circuit for a rectcnna . 

CflARACTERISTICS OF A RECTIFYING CIRCUIT 

Prior to the experiment using a propagating microwave. fundalllental 
characteristics of the proposed rectifying circuit are measured by 
conne'i"lng jhe circuit and a microwave signal generator with a 
cable 4 ,(5. The measurements are ~ade on a conversion effIciency from a 
mi crowave to DC and a generation characteristics of higher harmonics. 

To obtain a high microwave-DC conversion effic.!ency. it is necessary 
to use a diode with low loss resistance and a high peak Inverse voltage. 
At present , there are no diodes applIcable to microwaves which satIsfy the 
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Figure 2. Microwave lnput-DC output 
character istics of the rectifying 
ci rcuit and the conversion 
efficiency. 

; however t he max imum efficiency of 
o 70% is attained when the output 

power is around 0.84 v.'. Large r 
power would be obtained If input 
microwave power increases. 
although the efficiency would 
become lower. It 1s confIrmed 
experimentally t hat the higher 
output power of 3.36 W is obtajned 
at 65.3 % efriciency when 4 
rectifying circuIts are operated 
In parallel. 
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MICROWAVE POWER TRA~SMISSION EXPERIMENT 

A microwave power t ransmi ss ion e~per iment Is carri ed ou t in CRL radio 
unechoic chamber. A rectenna array composed of 9 elements is placing 60 em 
apart from a 2.45 GHz band t ransmi tter of an active phased array desi gn as 
shown in Figure 3. The t ransmission power Is about 60 W. For ease of 
fabrication and adj ustment. t he antenna elements are fed by probes in the 
present prototype rectenna. In the experiment, 4 rectenna elements 
locati ng the center of each side from 3x3 arrangement are actually fed for 
energy reception. Remaining elements are terminated except t he central one 
with which we monitor the impinging microwave powe r. Prior to the 
experiment. a di str ibution of t he microwave power flux density (PFD) Is 
measured with an open waveguide over a plane on wh ich the rectenna Is 
placed . Si nce the di stance between the transmitting and the receiving 
antennas ar e close enough. the microwave PFD varies by about 2 dB over the 
rectenna surface. This variation must be taken in to account when 
evaluati ng the convers i on ef fici ency of the rectenna . 

Figure 3. Outer view of t he .icrowave power transm ission experiment. 
Transmitter (lef t) and rectenna ( r ight). 

The microwave powers impinging on each rectenna eiement are estimated from 
a received power detec ted with t he central el ement and a mi crowave PFD 
distribution measured previously . By in tegrating the mi crowave power over 
t he valid (4) rectenna elements. we can estimate t he total microwave inpu t 
power to the recten nB.. The outputs of 4 rectenna elements are connected in 
parallel to a load resistance of 50 ohms , and its terminal voltage is 
measured to calculate t he output DC power. The load resistance of 50 ohms 
Is the optimu. value to give the highest microwave-DC conversion 
efficiency . The DC output power of 4.0 W is obtained at 61 % of the 
microwave-DC conversion efficiency as a preliminary result. This value 
must be improved by fine adjustment of the ci rcuit. The present experiment 
would be the first step for practical development. 
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CONCLUDING REMARKS 

A rectenna with a planar rec tifying circuit is proposed as a candidate 
of a means of energy supply to an unmanned flying vehicle . The r ectifying 
circuit using 8 schottky diodes provides more than 1 W DC output at 67 % of 
microwave-DC conversion efficiency. A microwave power transmission 
experiment usi ng a rectenna array is conducted i n an unechoic chamber and 
demonstrates that 4 W DC output power Is obtai ned from a propagating 
microwave with a 4-element rectenna array at 61 % of the microwave-DC 
conve rsion efficiency. The resul t is f rom a preliminary experiment and a 
higher conversion efficiency is expected after adjustment of the rectifying 
ci rcu its. This result Is promising for future development of a microwave 
power transmission technology. A microwave diode with higher peak inverse 
voltage and lower internal resistance is one of the key elements for the 
rectenna development. 
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