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A wireless power transmission system efficiency is defined by following three processes: (1) DC 

power at the input of the system is converted into microwave power (DC-RF conversion efficiency), 
(2) the microwave power is spread our from a transmitting antenna and the beam formed and directed 
at a rectenna array (power collection efficiency), and (3) microwave power is converted back into DC 
power with the rectenna array (RF-DC conversion efficiency). The total system efficiency is then 
defined as the ratio of the DC output power to the DC input power. We assembled overall wireless 
power transmission systems and obtain data on them in order to enhance a system efficiency [1].  

 
A magnetron is an attractive device for DC-RF conversion because it is low-cost and offers a high 

efficiency.  Additional circuits make it possible to control a phase of an output signal from a 
magnetron. A power collection efficiency is determined by sizes of antennas and transmission distance. 
When a collection efficiency is designed to be relatively high, the appling a small aperture transmitting 
antenna and a high power microwave source makes a transmission distance short and it causes 
extremely high power intensities on a rectenna array. Then, high power receivable rectennas 
(rectifying antenna) are needed for a high power wireless transmission. 

 
We developed 4 kinds of high power rectennas [2]. The maximum receivable power was about 

17W. In this paper we will show how to arrange these rectennas in a rectenna array and estimate an 
approximate RF-DC conversion efficiency of the rectenna array. 
 
[1] T. Miura, N. Shinohara, and H. Matsumoto, “Design of microwave power receiving system 

corresponding to microwave energy beam,” Proceedings of the 1st SPS (Space Solar Satellite) 
Symposium, Tokyo, pp. 91-96, Jan. 1998. 

[2] T. Miura, K. Hirayama, N. Shinohara, and H. Matsumoto, “Study of a High Power Rectenna for 
Microwave Power Transmission,” IEICE Vol.J83-B, in press. 
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�bl¦̬̀ζҭĭ×ѧtv��BĴ̽C¹?ӕ(1) ̆͟ҭĭ W�bl¦̀ҭĭIBơɧ

Ĵ̽ (DC-RF ơɧĴ̽)ӕ(2) ѧҭ`¨�� WŚҭtv��IBҭĭ×ѧĴ̽ (ҭĭŘҧĴ
̽)ӕ(3) �bl¦̀ҭĭ W̆͟ҭĭIBơɧĴ̽ (RF-DCơɧĴ̽)ӕB¯8;˸MYӗt
v��BεŤĴ̽C̆͟ėĭҭĭ<̆͟ĊĭҭĭB˭ W˳MYӗ(ZM;?�bl¦̬̀

ζҭĭ×ѧtv��?Ҕ,:Ã8Bǆӊ]Ϻ7:�Yӗ­8CӕDC-RF ơɧĴ̽]҇Ќ,ӕ
DC-RF ơɧĴ̽BӍ��bl¦͕̀ɘЂρ;�Y�m��¦¨]̈́�4ǆӊ;�YӗQ�­
8CӕҭĭŘҧĴ̽Bũ°]͞ɖ,:Ѡъҩѧҭ],4ǆӊ;�XӕŚҭtv��°Bҭĭ

ǍǿĘǯ?Ȣ-4¥l��ΥƸBɢβ]М,:ӕЛè,4QB;�Y[1]ӗ 
tv��ċàBĴ̽]ũ°*0Y4P?CӕDC-RF ơɧĴ̽BӍ��m��¦¨Bɠ̈́ӕ

ҭĭŘҧĴ̽]ӍP4`¨��rbwӕѧҭъҩB˸ǅӕ2,:ĊǖҭĭǍǿĘǯ?Ȣ-4

¥l��ΥƸB҃ρŔFɢβ!Ƞһ<>Yӗ�m��¦¨?Ҕ,:CӕʤĜBǆӊȕ?ɶϡ

!ѰPWZӕÏįƁь]į�Y(<?VXėĭîšBÜ͠ġș!ŝϓ<>74[2]ӗ2Bάʺӕ
ǰʨB͕ɘŮ̀ɾ;ǀǅ,4͕ɘ!ȘWZYV�?>Xӕ¥l��ΥƸ`¨��ҀBčɘŮ

̀ɾ?ǓȢ,4͕ɘŮ̀ɾ]Зǅ;"YV�?>74ӗM4ӕ�m��¦¨Bѻǅ]Ϻ�(

<?VXӕ̾ƎM;?ėĭҭĭ 765W;Ο 70%B DC-RFơɧĴ̽]Ș:�Yӗ 
ѧҭ`¨��?ʈȎ�«¨`¨��(34.8cm× 24.8cm) ]̈́�:ӕŚҭtv��]͟Ȓ 1m

B¥l��`¥b<,4ƙŤ?ӕ DOE/NASAB£�_¥¨vtv��[3]B SPS<ŧ΍<�
�Y�bl¦̬̀ζѧҭBǆКǆӊ]Ϻ�4P?ӕʁ̻[4]B̀Ъȅ]Q<?ѧҭъҩ]˸ǅ
,4ӗ̀Ъȅ;CӕѧŚҭ?đȎҒśҳ]Òǅ,ӕҒśҳ°BҭĭǍǿ]ʤѹĽ,4ҢBҭ

ĭŘҧĴ̽]˳P:�YӗβCҭĭŘҧĴ̽;�XӕXC˝ȅ;³�Yӗ 

 X =
2π
λz

RtRr   (1)  

((;λC̀ҏӕ zCѧҭъҩӕ RtCѧҭ
`¨��ȒӕRrCŚҭ`¨��Ȓ;�Xӕ
2Z3Z 12.2cm, 36,000km, 1km, 10km<,

4ӗ(BƙŤ X=3.56<>XӕҭĭŘҧĴ̽CƆ 1?ͱ.V�?�V2 95%<>YӗȺ�Bǆ
ӊ;Cѧҭ`¨��?ʈȎ�«¨`¨��]̈́�:�Xӕȅ(1)]2BMMѹ̈́.Y(<!;
">�ӗ2(;ӕѧҭ`¨��Ȓ]̾ƎB�«¨`¨��<΍,�Ғśҳ΀]ɕ8đȎҒś

ҳ?ρ"ɧ�Y(<;΍è͘>ńȒ]˳PӕRt] 16.6cm<,4ӗŚҭtv��BńȒC 0.5m
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;�XӕX=3.56<ȅ(1)]̈́�Y(<?VXӕѧҭъ
ҩ 1.2m ; SPS <ŧ΍BҭĭŘҧĴ̽!ȘWZY<
Њ΀QWZ4ӗ45,ӕǆҢB�«¨`¨��;C

Ғśҳ°!ʤѹ>ҭĭǍǿĘǯ<C>7:�>�4

Pӕϥǵъҩ]μP:ѧҭъҩ] 1m<,4ӗ 
�m��¦¨;�bl¦̀]͕͂,ӕ�«¨`¨

��]ѧҭ`¨��<,:�bl¦̀]ɸǖ,4

ƙŤ?ӕ1m ҩZ4Śҭtv��ĐB¥l��ΥƸ
BĊĭҭĭ!=Bͺǿ?>Y ̀ЪВΒ,4QB

!Ɔ 2;�Yӗ((;ɸǖҭĭ] 765Wӕ¥l��
B`¨��ğȘ] 7.4dBi <,4ӗ(BВΒάʺ 
Wӕ·ȟÏѠBĊĭҭĭ! 21W <>Y(<!\ 

Xӕ(ZM;?Ғ͕*Z:"4�/ZB¥l��Υ

Ƹ;QŚҭ;">�ҭĭ¥�¤<>Y(<!ʑW

 ?>74ӗ 
(BV�>ƨҭĭ]Śҭ.Y4P?ӕʇ4?ҭĭ

Ę҃ſ<ɿ̆Ɓь]ΪNŤ\04ɿ̆ƁьҀBҒ

͕]Ϻ74[4]ӗƆ 3?ʇ4?Ғ͕,4 8Ę҃ɿ̆Ɓ
ьBˑȤƆ]ͱ.ӗ¥l��B`¨��Ҁ;Ś&4

ҭĭC 5 ǢƖʶBЃϿ? 2 Ę҃*Zӕ2BҭĭCµ
ҳ?҃ρ*Z4 4 Ę҃ɿ̆Ɓь;ɿ̆*ZYӗ5 Ǣ
ƖʶB 2, 4 ǢCФҭàǢӕ3 Ǣ͞Cm¢¨�Ǣ;�
YӗƁь˒ȹCƆ 4BV�?>YӗƆ(a)B AVX�
bl¦̀ҭĭ!̆Ċ,ӕP1<Ɔ(b)B P5; 2Ę҃*Z
YӗƁь·B CCp¨�¨rӕDC|bg«�]ͱ
,ӕG Cm¢¨�ҳIBv¤«�«¤]Ͽ.ӗėĭ
ҭĭCΈƸ B<m¢¨�ҳBғ;ȘWZYӗ(Bɿ
̆ƁьCĊĭҭĭ 17W B<"? RF-DC ơɧĴ̽Ο
65%;Ķã,4ӗ 
ǆҢ?(Bɿ̆Ɓь]̈́�:ӕѧҭъҩ 1m

<,4ƙŤB·ȟΥƸBNB�bl¦̀ҭĭŚ

ҭǆӊ]Ϻ74ӗѧҭ`¨��BĊĭҭĭC

765W ;�Yӗ¥l��B`¨��Ҁ;BŚҭ

ҭĭCđȎ�bl¦v�£~�`¨��]̈́�

:̘ǅ,:�Xӕ18.8W <>74ӗǆӊôCƆ

2 ;ͱ,4ɣǅô 21.5W VXϥǵÝ$>74ӗ
(BŏƂCѧҭ`¨��?�&Yb¨�«|¨

v²ɿŤ?�Xӕѧҭ`¨��BǆҢBɸǖҭ

ĭ! 765WVXQ̕ǚ,44P<ψ�WZYӗ 
đȎ�bl¦v�£~�`¨��< 8 Ę҃ɿ

̆Ɓь]ΪNŤ\0:ӕ¥l��<,:ҭĭ]

Śҭ,4<"Bдϩ̷ȧ!Ɔ 5 ;�Yӗ(Bά
ʺ Wӕϥǵ RF-DCơɧĴ̽CÝ±,:�YQ
BBӕĊĭҭĭ 18.8W ?Ǔ,: 62.5%BơɧĴ
̽;Ķã,:�Xӕ11.75W<��̆͟ҭĭBė
ĭ!ŝϓ<��(<!Ę 74ӗ 

8 Ę҃ɿ̆ƁьBҒ͕?Ң,:ӕňàBɿ̆
Ɓьӕ2Ę҃ɿ̆Ɓьӕ4Ę҃ɿ̆ƁьBВ 4ͼ
ӃBɿ̆Ɓь]Ғ͕,:"4ӗ(ZWBɿ̆Ɓ
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ьCӕҭĭĘ҃ſB˨ɾ?Ȣ-:ʤѹĊĭҭĭ]ơ�Y(<!;"YB;ӕ¥l��`¥b

BҭĭǍǿĘǯ?Ȣ-:ɿ̆Ɓь]ơ�Y(<;ţɿ̆Ɓь]ʤѹ̸Ȳ;Ķã*0Y(<!

;"ӕŚҭtv��<,:ӍĴ̽> RF-DCơɧ!ŝϓ<>YӗƆ 6?¥l��BĊĭҭĭ?
Ǔ.Y 4ͼӃBɿ̆ƁьҀB RF-DCơɧĴ̽]ͱ.ӗ(BƆ Wӕ¥l��BĊĭҭĭ 1.5W, 
4.5W, 11.5W;ɿ̆ƁьBͼӃ]ơ�:҃ρ.ZDϡ�(<!\ Yӗ(Bάʺ]Q<?ѧҭ
ъҩ 1m ;Śҭ.YҢBΥƸ҃ρ]ͱ,4QB!Ɔ 7 ;�YӗҭĭĘ҃ɿ̆ƁьĐ;Cċ:
Bɿ̆Ɓь!¶ěɢβ*Z:�Y4Pӕţɿ̆ƁьBʤѹėĭҭƍCKL΍,$>YӗT�

?ӕ`¥bĐBċ:BΥƸ]ċ¶ě?.Y(<;ӕɢβɪƭBK<^=>�̆͟ҭĭBėĭ

!ŝϓ?>YӗM4ӕ8Ę҃ɿ̆ƁьÑƤBƨńBΥƸC 70%ȋBơɧĴ̽;Ķã.Y4Pӕ
Śҭtv��ċà; 70%ͺǿB RF-DCơɧĴ̽!ЊўMZYӗɿ̆ƁьňàBӍĴ̽Ľ]ʢ
?ѰPZDӕËƁҒ͕,4ҭĭĘ҃ſÑҚBɿ̆Ɓь]ρ"ɧ�Y5&;Śҭtv��ċà

BӍĴ̽Ľ!ǆ̾.Yӗ 
ËȕCӕǆҢ?Śҭtv��]˒Ζ,ӕ(ZM;Bͬ΁ȹʺ]ΪNŤ\04̬ζҭĭ×ѧ

tv��;=BͺǿBtv��εŤĴ̽!ȘWZY ]ʑW ?.YӗM4ӕʢ>YĴ̽ũ

°]ƆY<<Q?ӕǆ̈́ĽBҢBtv��˒ȹ>=QЌ҈?ĊZ4ɶϡ]ѰP:�$Àǅ;

�Yӗ 
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