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Abstract Microwave Power Transmission (MPT) in high frequency is essential to broaden a range of MPT applications. Our 

research group has developed discrete 24GHz-band rectifier. In this paper, we developed small-sized MMIC 24GHz-band 
rectifier. We adopted class-F load as an output filter, and the area of the MMIC rectifier was 2.3mm2. We obtained the RF-dc 
conversion efficiency of 48.0% when the input power was 194mW and the resistive load was 140Ȑ. We fabricated patch 
antenna with the Teflon substrate and developed an MMIC-mounted rectenna. We conducted a 24GHz MPT experiment with a 
2×2 MMIC-mounted rectenna array, and succeeded motor drive by 24GHz MPT. 
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1. ◊✲⫼ᬒ┠ⓗ  

㏆ᖺࠊ↓⥺㟁ຊఏ㏦ᢏ⾡ࡀከࡢࡃὀ┠ࢆ㞟ࠋࡿ࠸࡚ࡵ

↓⥺㟁ຊఏ㏦ᢏ⾡ࡣࡃࡁศ࡚ࡅ㟁☢ㄏᑟ᪉ᘧࠊ☢Ẽ

ඹ㬆᪉ᘧࣟࢡ࣐ࠊἼ᪉ᘧࡢ 3 ◊ᮏࠋࡿࢀࡽࡅศࡘ

࣐ࠊࡘࡶࢆⅬ࠺࠸⬟ྍࡀ㛗㊥㞳㟁ຊఏ㏦ࡣ࡛✲

࣮ࣝࢢࡢࠎᡃࠋࡿ࠸࡚ࡗ⾜ࢆ✲◊ࡿࡍ㛵Ἴ᪉ᘧࣟࢡ

ࢆ㏻ಙ⥺↓Ἴ↓⥺㟁ຊఏ㏦ࣟࢡ࣐ࠊࡿࡍᥦࡀࣉ

ྠࢪ࣮࣓ࡢ࣒ࢸࢫࢩࢫࣞࣖ࣡࠺⾜ᅗࢆᅗ 1 

ࢆ⨨୰⥅ᥐࠊࡽ࢙࢘ࢺ࣮ࢤࡓࢀ⨨ᐊෆࠋࡍ♧

࡚ࡋ㞄᥋ࡿࡍ㒊ᒇ↓⥺㏻ಙࡢࡑࠋ࠺⾜ࢆ㝿ᚲせ

ࡢࡽ࢙࢘ࢺ࣮ࢤࠊࢆ㟁ຊࡿࡏࡉ㥑ືࢆ⨨୰⥅࡞

ࢫࢩ࠺࠸ࡿࡍ⤥౪࡚ࡗࡼἼ↓⥺㟁ຊఏ㏦ࣟࢡ࣐

Ἴ࣑ࣜࣈࢧࢆ㟁ຊఏ㏦⥺↓㏻ಙ⥺↓ࠊࡾ࠶࡛࣒ࢸ /

Ἴ࣑ࣜࣈࢧࠋࡿ࠸࡚ࡋᶆ┠ࢆࡇ࠺⾜Ἴᖏ࡛࣑ࣜ /
ᗈࠊࡾࡼࡇࡿࡍ⌧ᐇࢆ㟁ຊఏ㏦Ἴᖏ࡛㏻ಙ࣑ࣜ

ᖏᇦ࡞㏻ಙࡢ࣒ࢸࢫࢩࡸᑠᆺࢆ㐩ᡂ࡛ࠊ࡛ࡇࡑࠋࡿࡁ

ᮏ◊✲࡛ࡿࡍࢺࢵࢤ࣮ࢱࡣ࿘Ἴᩘࢆ 2.4GHz5.8ࠊGHz
࠸㧗ࡶࡾࡼ ISM ࡿ࠶࡛ࢻࣥࣂ 24GHz 24GHzࠊࡋ ᖏ

↓⥺㟁ຊఏ㏦ᚲせࢺࣥࣕࢩࣝࢢࣥࢩࡿ࡞ᆺᩚὶᅇ

㊰ࡢ㛤Ⓨࢺࣥࣕࢩࣝࢢࣥࢩࠋࡿ࠸࡛ࢇ⤌ࡾྲྀᆺᩚὶ

ᅇ㊰ࡣ㧗ㄪἼฎ⌮୍ࢻ࣮࢜ࢲࠊࡾࡼࡇ࠺⾜ࢆ

ㄽୖ⌮࡛ࡘ Ἴᩚὶᅇࡿࡁ࡛⌧ᐇࢆ⋠ኚຠࡢ100%

㊰࡛ࡿ࠶ ࠸࠾㧗࿘Ἴࠊ࡛ࡲࢀࡇࡣ࡛✲◊ᮏࠋ[2][1]

ࢱࣝࣇฟຊࠊࡵࡓࡿࡍ⌧ᐇࢆ⋠ኚຠ࠸㧗ࡶ࡚ F
⣭㈇Ⲵᅇ㊰ࢺ࣮ࣜࢡࢫࢹࡓ࠸⏝ࢆᅇ㊰࡛ࡢ F ⣭㈇Ⲵ

Ⲵᩚὶᅇ㊰ࡢ㛤Ⓨࡓࡁ࡚ࡗ⾜ࢆ ࠋᩚ[4][3] ὶᅇ㊰ࡢ㧗
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࿘Ἴࡾࡼᅇ㊰ࡢᑠᆺࡣᡂຌࢡࢫࢹࠊࡀࡓࡋ

ࡣ࡛✏ᮏ࡛ࡇࡑࠋࡿ࠶ࡀ⏺㝈ᑠᆺࡣᅇ㊰࡛ࢺ࣮ࣜ

㧗ㄏ㟁⋡༙࡞ᑟయᇶᯈࢆ⏝ࡓࡋ 24GHz ᖏᩚὶᅇ㊰

ࡢ MMIC ࠋࡓࡗ⾜ࢆᑗ᮶ⓗࡣ㏻ಙᅇ㊰ྠࡶᵝ

MMIC ࡛ᐇ⌧ࠊ࡛ࡇࡿࡍ↓⥺㟁ຊఏ㏦↓⥺㏻ಙࢆ

ྠࢆ࣮ࣝࣗࢪࣔ࠺⾜ᑠᆺ࡛ࣉࢵࢳࣥ࣡ࡓࢀࡉᐇ

ࠋࡿ࡞⬟ྍࡀࡇࡿࡍ⌧  

 
ᅗ 1㸸↓⥺㟁ຊఏ㏦↓⥺㏻ಙྠࢆ࠺⾜  

࣒ࢸࢫࢩ⥺↓  
 

2. MMIC ᩚὶᅇ㊰ࡢタィ〇స  
ᅇ㊰ゎᯒࢱ࣮࣑ࣞࣗࢩ ADS ࡚ࡋ⏝ࢆ 24GHz ᖏ F

⣭㈇ⲴⲴᩚὶᅇ㊰ࡢタィࡧࡼ࠾〇సࠋࡓࡗ⾜ࢆ  

2.1. F ⣭㈇Ⲵᅇ㊰䛾タィ  
㧗ㄪἼฎ⌮ࢺࣥࣕࢩࣝࢢࣥࢩ࠺⾜ࢆᆺᩚὶᅇ㊰

ᇶᮏࢆࢫࣥࢲ࣮ࣆࣥධຊࡢࢱࣝࣇฟຊࠊࡣ࡚࠸࠾

Ἴࡧࡼ࠾ወ㧗ㄪἼᑐࠊ҄ࡣ࡚ࡋഅ㧗ㄪἼᑐࡣ࡚ࡋ

0 ࡚࠸࠾ὶᅇ㊰ᩚࡢᐇ⌧ࡋࡋࠋࡿ࠶ࡀᚲせࡿࡍ

ࡣ 3 ḟ㧗ㄪἼࡢ࡛ࡲฎ⌮ࡀᚲせ࡛ࢀࡑࠊࡾ࠶௨ୖࡢ㧗

ㄪἼฎ⌮ࡣኚຠ⋡ᙳ㡪ࡀࡇ࠺࠸࠸࡞ࡋศࡗ

ࡿ࠸࡚ ADSࠋ[3] Fࠊࡓࡋタィ࡚࠸⏝ࢆ ⣭㈇Ⲵᅇ㊰ࢩࡢ

ᅗࢆࣝࢹࣔࣥࣙࢩ࣮࣑ࣞࣗ 2 ᅗࠋࡍ♧ 2 ࡍ♧ F ⣭

㈇Ⲵᅇ㊰ࠊࡣᇶᮏἼ 2 ḟ㧗ㄪἼࡿࡅ࠾Ȣ /4 ⥺㊰

࡛ࣝࢹࣔࣥࣙࢩ࣮࣑ࣞࣗࢩࡢࡇࠋࡿ࠸࡚ࢀࡉᵓᡂࡾࡼ

ィ⟬ࡓࡋ S ᅗࢆࢱ࣮࣓ࣛࣃ 3 ᇶᮏἼࠋࡍ♧ 2 ḟ㧗

ㄪἼ࡛ࢀࡒࢀࡑࠊࡣ |S21 |=̺35.7dBࠊ |S21 |=̺37.0dB 

ࡧࡼ࠾ᇶᮏἼࠊࡾ࡞ 2 ḟ㧗ㄪἼࡀඹ࿘Ἴᩘ࡚ࡗ࡞

ࡋࡋࠋࡿศࡀࡇࡿ࠸ 69GHz ࡛ᙉ࠸ඹࡀⓎ⏕ࡋ

3ࠊࡵࡓࡿ࠸࡚ ḟ㧗ㄪἼ࡛ࡿ࠶ 72GHz ࡣ࡚࠸࠾ |S21 |=
̺8.96dB 2ࠊᇶᮏἼࠊࡾ࡞ ḟ㧗ㄪἼẚࡿ |S21 |
ࡿ࠶ᙳ㡪࡛ࡿࡼ⦰▷Ἴ㛗ࡣࢀࡇࠋࡓࡗ࡞ࡃࡁࡀ

ᅗḟࠋࡿࢀࡽ࠼⪄ 2 ࡛タィࡓࡋ F ⣭㈇Ⲵᅇ㊰࣮࣏ࡢ

ࢺ 1 ࢫࣥࢲ࣮ࣆࣥධຊࡓࡳࡽ Zin ᅗࢆࡉࡁࡢ 4
ࡣ࡚࠸࠾ᇶᮏἼࠋࡍ♧ mag(Zin)=3.54×103Ȑࡁ

2ࠊࡾ࡞ࡃ ḟ㧗ㄪἼࡣ࡚࠸࠾ mag(Zin)=7.65Ȑᑠࡉ

ࡃ ࡞ ࡗ ࡓ ࠋ ࡑ ࢀ  ᑐ ࡋ ࡚ 3 ḟ 㧗 ㄪ Ἴ  ࠾ ࠸ ࡚ ࡣ

mag(Zin)=269Ȑࠊࡾ࡞ᇶᮏἼẚ࡚ᑠ3ࠋ࠸ࡉ ḟ㧗

ㄪἼᑐࡿࡍȢ /4 ࡇࡿࡍ㏣ຍࢆࣈࢱࢫࡿࡍ᭷ࢆࡉ㛗ࡢ

72GHzࠊ࡛ ࡿࡅ࠾ |S21 ࡧࡼ࠾| mag(Zin)ࡀᨵၿࢀࡉ

ࠊࡵࡓࡄ㜵ࢆቑຍࡢ✚ᅇ㊰㠃ࠊࡀࡿࢀࡉணࡀࡇࡿ

ᅗ 2 ࡍ♧ F ⣭㈇Ⲵᅇ㊰ࣔࢆࣝࢹ᥇⏝ᩚ࡚ࡋὶᅇ㊰ࢆ

タィࠋࡓࡋ  

 
ᅗ 2㸸F ⣭㈇Ⲵᅇ㊰ࣝࢹࣔࣥࣙࢩ࣮࣑ࣞࣗࢩ  

 

 
ᅗ 3㸸F ⣭㈇Ⲵᅇ㊰ࡢ S ࢱ࣮࣓ࣛࣃ  

 

 
ᅗ 4㸸F ⣭㈇Ⲵᅇ㊰ࡢධຊࢫࣥࢲ࣮ࣆࣥ  

 

2.2. ᩚὶᅇ㊰䛾䝺䜲䜰䜴䝖䛸䛭䛾〇స  
2.1 ⠇࡛タィࡓࡋ F ⣭㈇Ⲵᅇ㊰ࢆ᥇⏝ࡓࡋ MMIC ᩚ

ὶᅇ㊰ࢆࢺ࢘ࣞࡢᅗ 5 ὶᅇ㊰ᩚࡓࡋタィࠋࡍ♧

ࠊࢻ࣮࢜ࢲࠊࢧࣥࢹࣥࢥࢢࣥࣜࣉࢵ࢝ࠊᅇ㊰ྜᩚࡣ
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F ⣭㈇Ⲵᅇ㊰ࡽᵓᡂࢺ࣮࣏ࠊࡾ࠾࡚ࢀࡉ 1 ࣏ධຊࡀ

ࢺ࣮࣏ࠊࢺ࣮ 2 ࡣࢻ࣮࢜ࢲࠋࡿ࠶࡛ࢺ࣮࣏ฟຊࡀ 2
୪ิ࡛ࢺ࢘ࣞࡢࡇࠋࡓࡋ〇సᩚࡓࡋὶᅇ㊰ࡢ

ᅗࢆ┿ 6 ࡣ✚ᅇ㊰㠃ࠋࡍ♧ 2.3mm2 ࠋࡿ࠶࡛  
 

 
ᅗ 5㸸MMIC ᩚὶᅇ㊰ࢺ࢘ࣞࡢ  

 

 
ᅗ 6㸸〇సࡓࡋ MMIC ᩚὶᅇ㊰  

 

3. MMIC ᩚὶᅇ㊰ࡢኚຠ⋡ࡧࡼ࠾ᑕ⋡ࡢ

ィ ᐇ㦂  
〇సᩚࡓࡋὶᅇ㊰ࡢኚຠ⋡ཬࡧᑕ⋡ࢆィ ࡋ

ࢆධຊ㟁ຊࠋࡓ 30mW ୍࡛ᐃࡢࡁࡓࡋ㈇Ⲵᢠ

ᑐࡿࡍኚຠ⋡ࡧࡼ࠾ᑕ⋡ࡢኚࢆᅗ 7 ᅗࠋࡍ♧

7 ADSࠊᐇ㦂⤖ᯝࡣ ᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩࡿࡼ

࣑ࣞࣗࢩᐇ㦂ࡣ࡚ࡋ㛵⋠ኚຠࠋࡓࡋ♧ྠࢆ

㛵⋠ᑕࠊࡀࡓࡗ࡞ᯝ⤖ࡓࡋ⮴୍ࡃⰋ࡛ࣥࣙࢩ࣮

ࢆ㈇Ⲵᢠḟࠋࡓࡗ࡞ࡃࡁࡀㄗᕪࡣ࡚ࡋ 120Ȑ

ࡢ⋠ᑕࡧࡼ࠾⋠ኚຠࡿࡍᑐධຊ㟁ຊࡢࡁࡓࡋ

ኚࢆᅗ 8 ᅗࠋࡍ♧ 7 ࡣ࡚ࡋ㛵⋠ኚຠᵝྠ

ධຊ㟁ຊࠋࡓࡋ⮴୍ࡃⰋࡀᐇ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩ

194mW ⋠ኚຠ᭱ࡁࡢ ḟࠋࡓࢀࡽᚓࡀ48.0%

5 ᅗࢆᐇ㦂⤖ᯝࡢᅇ㊰ࡢ㢮✀ྠࡢࡘ 9 ᅗࠋࡍ♧ 9 

ࢆ㈇Ⲵᢠࡣ 120Ȑࡢࡁࡓࡋධຊ㟁ຊᑐࡿࡍኚ

ຠ⋡ᑕ⋡ࡢኚࠋࡓࡋ♧ࢆᅇ㊰ࡀࡁࡘࣛࣂࡢ㠀

ᖖᑠࡃࡉᏳᐃࡓࡋኚຠ⋡ࢆᐇ⌧࡛ࡀࡇࡿ࠸࡚ࡁ

ศࠋࡿ  

 

ᅗ 7㸸ධຊ㟁ຊࢆ 30mW ᑐ㈇Ⲵᢠࡢࡁࡓࡋ

ኚࡢ⋠ᑕࡧࡼ࠾⋠ኚຠࡿࡍ  
 

 
ᅗ 8㸸㈇Ⲵᢠ 120Ȑࡢࡁࡓࡋධຊ㟁ຊᑐࡍ

ኚࡢ⋠ᑕࡧࡼ࠾⋠ኚຠࡿ  
 

 
ᅗ 9㸸5 ᐇ㦂⤖ᯝࡢᅇ㊰ࡢ㢮✀ྠࡢࡘ  

 

4. MMIC ᐇࣞࡿࡼࢼࢸࢡ 24GHz ↓⥺㟁ຊ

ఏ㏦ᐇ㦂  
〇సࡓࡋ MMIC ᩚὶᅇ㊰ࢆᐇࡓࡋ MMIC ᐇࣞࢡ

24GHzࠊࡋ㛤Ⓨࢆࢼࢸ ↓⥺㟁ຊఏ㏦ᐇ㦂ࠋࡓࡗ⾜ࢆ  
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4.1. MMIC ᐇ䝺䜽䝔䝘䛾〇స  
ᇶᯈཌ 0.2mmࠊẚㄏ㟁⋡ ࠊ2.6 tanț=0.002 ࣟࣇࢸࡢ

ࣥᇶᯈ㸦NPC-F260A㸧ࢆ⏝ࢆࢼࢸࣥࢳࢵࣃ࡚ࡋ〇

సࠊࡋMMIC ࡓࡋ〇సࠋࡓࡋᐇࢆ MMIC ᐇࣞࢸࢡ

ᅗࢆࢼ 10 MMICࠋࡍ♧ ࢺࢫ࣮࣌㖟ࡣᇶᯈࣥࣟࣇࢸ

ࢺ࣮࣏ฟຊࢺ࣮࣏ධຊࡢὶᅇ㊰ᩚࠊࡋᅛᐃ࡚ࡗࡼ

⥆᥋ᇶᯈࣥࣟࣇࢸ࡚ࡗࡼࣖ࣡ࢢࣥࢹࣥ࣎ࠊࡣ

ࡓࡲࠋࡓࡋ MMIC ᑟࢆࢻࣥ࢘ࣛࢢࡢࢼࢸࣥࢳࢵࣃ

㏻ࢆࢻࣥ࢘ࣛࢢࣦࡵࡓࡿࡍ 5 ࠋࡓࡋព⏝ࡘ  

 
ᅗ 10㸸MMIC ᐇࣞࢼࢸࢡ  

 

4.2. 24GHz ↓⥺㟁ຊఏ㏦ᐇ㦂  
MMIC ᐇ࡚ࣞ࠸⏝ࢆࢼࢸࢡᅗ 11 ࡞࠺ࡼࡍ♧ 2×

2 ࢻࢵࣃฟຊࡢࢼࢸࢡࣞࠋࡓࡋ〇సࢆࣞࢼࢸࢡࣞ

4ࠊࡋࡅࡔࢇࡣࢆࣖ࣡㠃ࢻࣥ࢘ࣛࢢ ୪ิࡋ

࡚㈇Ⲵ᥋⥆ࠋࡓࡋ㈇Ⲵ࣮࣮࣮ࣔࣛࢯࡢ♫࣑ࣖࢱࡣ

02MABUCHI RF-500TB࣮ࢱ ࢼࢸࣥ㏦ಙࠋࡓࡋ⏝ࢆ

ࡣ ATM 㸦Model No.42-442-6㸧ࢼࢸ࣮ࣥࣥ࣍ࡢ♫
ࡽࢼࢸ࣮ࣥࣥ࣍ࠋࡓࡋ⏝ࢆ 790mW ᨺࢆ㟁ຊࡢ

ᑕࠊࢁࡇࡓࡋฟຊ┤ὶ㟁ຊࡣ 2.47mW ຊ⮬ࠊࡾ࠶࡛

ࡣṆࡢ࣮ࢱ࣮ࣔࠋࡓࡗ࡞ࡋጞືࡣ࣮ࢱ࣮ࣔࡣ࡛

ධຊࡀࢫࣥࢲ࣮ࣆࣥపࠊࡃධຊࡀࢫࣥࢲ࣮ࣆࣥప

ᅗ࠸ 7 ࡗࡀࡓࡋࠋࡿࡀୗࡀ⋠ኚຠࡢὶᅇ㊰ᩚࡾࡼ

࡚ጞືࡵࡓࡿࡏࡉ༑ศ࡞㟁ຊࢆ౪⤥࡛ࡓࡗ࡞ࡁ

ࡿࡏࡉጞືࢆ࣮ࢱᡭື࡛࣮ࣔࠊࡋࡋࠋࡿࢀࡽ࠼⪄

ᣢ⥔ࢆ㟁ຊ࡛ᅇ㌿ࡓࡋὶᩚ࡚ࡗࡼࢼࢸࢡࣞࡣᚋࡢࡑ

ࢼࢸࣥࡿࡅ࠾ᅇ㌿࣮ࢱ࣮ࣔࠋࡓࡁ࡛ࡀࡇࡿࡍ

࿘㎶ࡢᐇ㦂⣔ࡢ┿ࢆᅗ 12 ࠋࣔࡓࡋ♧ ᅇ㌿࣮ࢱ࣮

ࡣฟຊ┤ὶ㟁ຊࡢ 4.86mW ࠋࡓࡗ࠶࡛  

 
ᅗ 11㸸MMIC ᐇࣞࣞࢼࢸࢡࣞࡓ࠸⏝ࢆࢼࢸࢡ  

 

ᅗ 12㸸↓⥺㟁ຊఏ㏦ᐇ㦂ࡢᐇ㦂⣔┿  
 

ࡵࡲ .5  
ᥦࡿࡍ㟁ຊఏ㏦㏻ಙྠࢆࢸࢫࢩ⥺↓࠺⾜

ࡢ㏻ಙᅇ㊰ࠊ࡚࠸࠾࣒ MMIC ࣉࢵࢳࣥ࣡ࡿࡼ

࡚ࡋᣦ┠ࢆ 24GHz ᖏ F ⣭㈇ⲴⲴᩚὶᅇ㊰ࡢ MMIC
ࠋࡓࡗ⾜ࢆᅇ㊰㠃✚ 2.3mm2 㛤Ⓨࡢᑠᆺᩚὶᅇ㊰ࡢ

ධຊ㟁ຊࡣ⋠ኚຠ᭱ࠊࡋᡂຌ 194mWࠊ㈇Ⲵᢠ

120Ȑࡢ ࢆࢼࢸࣥࢳࢵࣃ᪉ᙧࡓࡲࠋࡓࡗ࡞48.0%

タィࡋ MMIC ᩚὶᅇ㊰ࢆᐇࡓࡋ MMIC ᐇࣞࢼࢸࢡ

4ࠋࡓࡋ〇సࢆ ୪ิࡢ MMIC ᐇࣞࢆࢼࢸࢡ⏝ࡓࡋ

24GHz ↓⥺㟁ຊఏ㏦ᐇ㦂ࢆ࣮ࢱ࣮ࣔࠊ࠸⾜ࢆ㥑ືࡏࡉ

㏻ࡿࡍ⏝࣒ࢸࢫࢩ⥺↓ࡣᚋࠋࡓࡋᡂຌࡇࡿ

ಙᅇ㊰ࡢ㥑ືࢆᐃᩚࡓࡋὶᅇ㊰ࡢ㛤Ⓨࠋ࠺⾜ࢆ  
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