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✚ᅇ㊰㠃ࠊࡋ⏝ 2.3mm2 ධຊ㟁ຊࠋࡓࡋ⌧ᐇࢆᑠᆺᩚὶᅇ㊰ࡢ 194mWࠊ㈇Ⲵ᢬ᢠ 120Ȑ᭱ࡁ࡜ࡢ኱ኚ᥮ຠ⋡ ࡽᚓࡀ48.0%

MMICࠊࡋ〇సࢆࢼࢸࣥ࢔ࢳࢵࣃ࡚࠸⏝ࢆᇶᯈࣥࣟࣇࢸ࡟ࡽࡉࠋࡓࢀ ᐇ⿦ࣞࢆࢼࢸࢡ㛤Ⓨ2×2ࠋࡓࡋ ୪ิࡢ MMIC ᐇ⿦ࣞࢸࢡ

ࡓ࠸⏝ࢆ࢖ࣞ࢔ࢼ 24GHz ↓⥺㟁ຊఏ㏦ᐇ㦂ࠊ࠸⾜ࢆ㈇Ⲵ࡟౑⏝ࡢ࣮ࢱ࣮ࣔࡓࡋ㥑ື࡟ᡂຌࠋࡓࡋ 
 MMICࠊὶᅇ㊰ᩚࠊἼ↓⥺㟁ຊఏ㏦ࣟࢡ࢖࣐  ࢻ࣮࣮࣡࢟

 

Development of 24GHz-Band MMIC Rectenna 
Ken HATANO†   Naoki SHINOHARA†  Tomohiko MITANI†  

Tomohiro SEKI‡ Munenari KAWASHIMA‡ 

†Research Institute for Sustainable Humanosphere, Kyoto University  Gokasho, Uji-shi, Kyoto, 611-0011 Japan 

‡NTT Network Innovation Laboratories, NTT corporation 1-1Hikarinooka, Yokosuka-shi, Kanagawa, 239-0847 Japan 
E-mail:  †{k-hatano, shino, mitani}@rish.kyoto-u.ac.jp 

‡{seki.tomohiro, kawashima.munenari}@lab.ntt.co.jp 
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. 

Keyword  Microwave Power Transmission, rectifier, MMIC 
 
1. ◊✲⫼ᬒ࡜┠ⓗ  

㏆ᖺࠊ↓⥺㟁ຊఏ㏦ᢏ⾡ࡀከࡢࡃὀ┠ࢆ㞟ࠋࡿ࠸࡚ࡵ

↓⥺㟁ຊఏ㏦ᢏ⾡ࡣ኱ࡃࡁศ࡚ࡅ㟁☢ㄏᑟ᪉ᘧࠊ☢Ẽ

ඹ㬆᪉ᘧࣟࢡ࢖࣐ࠊἼ᪉ᘧࡢ 3 ◊ᮏࠋࡿࢀࡽࡅศ࡟ࡘ

࢖࣐ࠊࡘࡶࢆ฼Ⅼ࠺࠸࡜⬟ྍࡀ㛗㊥㞳㟁ຊఏ㏦ࡣ࡛✲

࣮ࣝࢢࡢࠎᡃࠋࡿ࠸࡚ࡗ⾜ࢆ✲◊ࡿࡍ㛵࡟Ἴ᪉ᘧࣟࢡ

ࢆ㏻ಙ⥺↓࡜Ἴ↓⥺㟁ຊఏ㏦ࣟࢡ࢖࣐ࠊࡿࡍᥦ᱌ࡀࣉ

ྠ᫬ࢪ࣮࣓࢖ࡢ࣒ࢸࢫࢩࢫࣞࣖ࢖࣡࠺⾜࡟ᅗࢆᅗ 1 ࡟

ࢆ⨨୰⥅ᥐࠊࡽ࠿࢖࢙࢘ࢺ࣮ࢤࡓࢀ࠿⨨࡟ᐊෆࠋࡍ♧

௓࡚ࡋ㞄᥋ࡿࡍ㒊ᒇ࡬↓⥺㏻ಙࡢࡑࠋ࠺⾜ࢆ㝿࡟ᚲせ

ࡢࡽ࠿࢖࢙࢘ࢺ࣮ࢤࠊࢆ㟁ຊࡿࡏࡉ㥑ືࢆ⨨୰⥅⿦࡞

ࢫࢩ࠺࠸࡜ࡿࡍ⤥౪࡚ࡗࡼ࡟Ἴ↓⥺㟁ຊఏ㏦ࣟࢡ࢖࣐

Ἴ࣑ࣜࣈࢧࢆ㟁ຊఏ㏦⥺↓࡜㏻ಙ⥺↓ࠊࡾ࠶࡛࣒ࢸ /

࣑ࣜἼᖏ࡛⾜ࢆ࡜ࡇ࠺┠ᶆ࣑ࣜࣈࢧࠋࡿ࠸࡚ࡋ࡜Ἴ /
࣑ࣜἼᖏ࡛㏻ಙ࡜㟁ຊఏ㏦ࢆᐇ⌧ࠊࡾࡼ࡟࡜ࡇࡿࡍᗈ

ᖏᇦ࡞㏻ಙࡢ࣒ࢸࢫࢩࡸᑠᆺ໬ࢆ㐩ᡂ࡛ࠊ࡛ࡇࡑࠋࡿࡁ

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

↓⥺㟁ຊఏ㏦࡟ᚲせࢺࣥࣕࢩࣝࢢࣥࢩࡿ࡞࡜ᆺᩚὶᅇ

㊰ࡢ㛤Ⓨࢺࣥࣕࢩࣝࢢࣥࢩࠋࡿ࠸࡛ࢇ⤌ࡾྲྀ࡟ᆺᩚὶ

ᅇ㊰ࡣ࡜㧗ㄪἼฎ⌮୍ࢻ࣮࢜࢖ࢲࠊࡾࡼ࡟࡜ࡇ࠺⾜ࢆ

ㄽୖ⌮࡛ࡘ ඲Ἴᩚὶᅇࡿࡁ࡛⌧ᐇࢆ⋠ኚ᥮ຠࡢ100%

㊰࡛ࡿ࠶ ࠸࠾࡟㧗࿘Ἴࠊ࡟࡛ࡲࢀࡇࡣ࡛✲◊ᮏࠋ[2][1]

࡟ࢱࣝ࢕ࣇฟຊࠊࡵࡓࡿࡍ⌧ᐇࢆ⋠ኚ᥮ຠ࠸㧗ࡶ࡚ F
⣭㈇Ⲵᅇ㊰ࢺ࣮ࣜࢡࢫ࢕ࢹࡓ࠸⏝ࢆᅇ㊰࡛ࡢ F ⣭㈇Ⲵ

⿦Ⲵᩚὶᅇ㊰ࡢ㛤Ⓨࡓࡁ࡚ࡗ⾜ࢆ ࠋᩚ[4][3] ὶᅇ㊰ࡢ㧗
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࿘Ἴ໬ࡾࡼ࡟ᅇ㊰ࡢᑠᆺ໬ࡣ࡟ᡂຌࢡࢫ࢕ࢹࠊࡀࡓࡋ

ࡣ࡛✏ᮏ࡛ࡇࡑࠋࡿ࠶ࡀ⏺㝈࡟ᑠᆺ໬ࡣᅇ㊰࡛ࢺ࣮ࣜ

㧗ㄏ㟁⋡༙࡞ᑟయᇶᯈࢆ౑⏝ࡓࡋ 24GHz ᖏᩚὶᅇ㊰

ࡢ MMIC ໬ࠋࡓࡗ⾜ࢆᑗ᮶ⓗࡣ࡟㏻ಙᅇ㊰ྠࡶᵝ࡟

MMIC ࡛ᐇ⌧ࠊ࡛࡜ࡇࡿࡍ↓⥺㟁ຊఏ㏦࡜↓⥺㏻ಙࢆ

ྠ᫬ࢆ࣮ࣝࣗࢪࣔ࠺⾜࡟ᑠᆺ໬࡛ࣉࢵࢳࣥ࣡ࡓࢀࡉᐇ

ࠋࡿ࡞࡜⬟ྍࡀ࡜ࡇࡿࡍ⌧  

 
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

⣭㈇Ⲵ⿦Ⲵᩚὶᅇ㊰ࡢタィࡧࡼ࠾〇సࠋࡓࡗ⾜ࢆ  

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

ᇶᮏࢆࢫࣥࢲ࣮ࣆࣥ࢖ධຊࡢࢱࣝ࢕ࣇฟຊࠊࡣ࡚࠸࠾

Ἴࡧࡼ࠾ወ㧗ㄪἼ࡟ᑐࠊ҄ࡣ࡚ࡋഅ㧗ㄪἼ࡟ᑐࡣ࡚ࡋ

0 ࡚࠸࠾࡟ὶᅇ㊰ᩚࡢᐇ⌧ࡋ࠿ࡋࠋࡿ࠶ࡀᚲせࡿࡍ࡟

ࡣ 3 ḟ㧗ㄪἼࡢ࡛ࡲฎ⌮ࡀᚲせ࡛ࢀࡑࠊࡾ࠶௨ୖࡢ㧗

ㄪἼฎ⌮ࡣኚ᥮ຠ⋡࡟ᙳ㡪ࡀ࡜ࡇ࠺࠸࡜࠸࡞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࡞࡜

ࡋ࠿ࡋࠋࡿ࠿ศࡀ࡜ࡇࡿ࠸ 69GHz ࡛ᙉ࠸ඹ᣺ࡀⓎ⏕ࡋ

3ࠊࡵࡓࡿ࠸࡚ ḟ㧗ㄪἼ࡛ࡿ࠶ 72GHz ࡣ࡚࠸࠾࡟ |S21 |=
̺8.96dB 2ࠊᇶᮏἼࠊࡾ࡞࡜ ḟ㧗ㄪἼ࡜ẚ࡜ࡿ࡭ |S21 |
࡜ࡿ࠶ᙳ㡪࡛ࡿࡼ࡟⦰▷Ἴ㛗ࡣࢀࡇࠋࡓࡗ࡞ࡃࡁ኱ࡀ

ᅗ࡟ḟࠋࡿࢀࡽ࠼⪄ 2 ࡛タィࡓࡋ F ⣭㈇Ⲵᅇ㊰࣮࣏ࡢ

ࢺ 1 ࢫࣥࢲ࣮ࣆࣥ࢖ධຊࡓࡳࡽ࠿ Zin ᅗࢆࡉࡁ኱ࡢ 4
ࡣ࡚࠸࠾࡟ᇶᮏἼࠋࡍ♧࡟ mag(Zin)=3.54×103Ȑ࡜኱ࡁ

2ࠊࡾ࡞ࡃ ḟ㧗ㄪἼࡣ࡚࠸࠾࡟ mag(Zin)=7.65Ȑ࡜ᑠࡉ

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

mag(Zin)=269Ȑࠊࡾ࡞࡜ᇶᮏἼ࡟ẚ࡚࡭ᑠ3ࠋ࠸ࡉ ḟ㧗

ㄪἼ࡟ᑐࡿࡍȢ /4 ࡇࡿࡍ㏣ຍࢆࣈࢱࢫࡿࡍ᭷ࢆࡉ㛗ࡢ

72GHzࠊ࡛࡜ ࡿࡅ࠾࡟ |S21 ࡧࡼ࠾| mag(Zin)ࡀᨵၿࢀࡉ

ࠊࡵࡓࡄ㜵ࢆቑຍࡢ✚ᅇ㊰㠃ࠊࡀࡿࢀࡉண᝿ࡀ࡜ࡇࡿ

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㊰ࢆࢺ࢘࢔࢖ࣞࡢᅗ 5 ὶᅇ㊰ᩚࡓࡋタィࠋࡍ♧࡟

ࠊࢻ࣮࢜࢖ࢲࠊࢧࣥࢹࣥࢥࢢࣥࣜࣉࢵ࢝ࠊᅇ㊰ྜᩚࡣ
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F ⣭㈇Ⲵᅇ㊰ࡽ࠿ᵓᡂࢺ࣮࣏ࠊࡾ࠾࡚ࢀࡉ 1 ධຊ࣏ࡀ

ࢺ࣮࣏ࠊࢺ࣮ 2 ࡣࢻ࣮࢜࢖ࢲࠋࡿ࠶࡛ࢺฟຊ࣏࣮ࡀ 2
୪ิ࡛ࢺ࢘࢔࢖ࣞࡢࡇࠋࡓࡋ࡜〇సᩚࡓࡋὶᅇ㊰ࡢ෗

ᅗࢆ┿ 6 ࡣ✚ᅇ㊰㠃ࠋࡍ♧࡟ 2.3mm2 ࠋࡿ࠶࡛  
 

 
ᅗ 5㸸MMIC ᩚὶᅇ㊰ࢺ࢘࢔࢖ࣞࡢ  

 

 
ᅗ 6㸸〇సࡓࡋ MMIC ᩚὶᅇ㊰  

 

3. MMIC ᩚὶᅇ㊰ࡢኚ᥮ຠ⋡ࡧࡼ࠾཯ᑕ⋡ࡢ

ィ ᐇ㦂  
〇సᩚࡓࡋὶᅇ㊰ࡢኚ᥮ຠ⋡ཬࡧ཯ᑕ⋡ࢆィ ࡋ

ࢆධຊ㟁ຊࠋࡓ 30mW ୍࡛ᐃࡢࡁ࡜ࡓࡋ࡜㈇Ⲵ᢬ᢠ࡟

ᑐࡿࡍኚ᥮ຠ⋡ࡧࡼ࠾཯ᑕ⋡ࡢኚ໬ࢆᅗ 7 ᅗࠋࡍ♧࡟

7 ADSࠊ࡜ᐇ㦂⤖ᯝࡣ࡟ ᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩࡿࡼ࡟

࣑ࣞࣗࢩ࡜ᐇ㦂ࡣ࡚ࡋ㛵࡟⋠ኚ᥮ຠࠋࡓࡋ♧࡟᫬ྠࢆ

㛵࡟⋠཯ᑕࠊࡀࡓࡗ࡞࡜ᯝ⤖ࡓࡋ⮴୍ࡃⰋ࡛ࣥࣙࢩ࣮

ࢆ㈇Ⲵ᢬ᢠ࡟ḟࠋࡓࡗ࡞ࡃࡁ኱ࡀㄗᕪࡣ࡚ࡋ 120Ȑ࡜

ࡢ⋠཯ᑕࡧࡼ࠾⋠ኚ᥮ຠࡿࡍᑐ࡟ධຊ㟁ຊࡢࡁ࡜ࡓࡋ

ኚ໬ࢆᅗ 8 ᅗࠋࡍ♧࡟ 7 ࡣ࡚ࡋ㛵࡟⋠ኚ᥮ຠ࡟ᵝྠ࡜

ධຊ㟁ຊࠋࡓࡋ⮴୍ࡃⰋࡀᐇ㦂࡜ࣥࣙࢩ࣮࣑ࣞࣗࢩ

194mW ⋠኱ኚ᥮ຠ᭱࡟ࡁ࡜ࡢ ࡟ḟࠋࡓࢀࡽᚓࡀ48.0%

5 ᅗࢆᐇ㦂⤖ᯝࡢᅇ㊰ࡢ㢮✀ྠࡢࡘ 9 ᅗࠋࡍ♧࡟ 9 ࡟

ࢆ㈇Ⲵ᢬ᢠࡣ 120Ȑࡢࡁ࡜ࡓࡋ࡜ධຊ㟁ຊ࡟ᑐࡿࡍኚ

᥮ຠ⋡࡜཯ᑕ⋡ࡢኚ໬ࠋࡓࡋ♧ࢆᅇ㊰ࡀࡁࡘࣛࣂࡢ㠀

ᖖ࡟ᑠࡃࡉᏳᐃࡓࡋኚ᥮ຠ⋡ࢆᐇ⌧࡛ࡀ࡜ࡇࡿ࠸࡚ࡁ

ศࠋࡿ࠿  

 

ᅗ 7㸸ධຊ㟁ຊࢆ 30mW ᑐ࡟㈇Ⲵ᢬ᢠࡢࡁ࡜ࡓࡋ࡜

ኚ໬ࡢ⋠཯ᑕࡧࡼ࠾⋠ኚ᥮ຠࡿࡍ  
 

 
ᅗ 8㸸㈇Ⲵ᢬ᢠ 120Ȑࡢࡁ࡜ࡓࡋ࡜ධຊ㟁ຊ࡟ᑐࡍ

ኚ໬ࡢ⋠཯ᑕࡧࡼ࠾⋠ኚ᥮ຠࡿ  
 

 
ᅗ 9㸸5 ᐇ㦂⤖ᯝࡢᅇ㊰ࡢ㢮✀ྠࡢࡘ  

 

4. MMIC ᐇ⿦ࣞࡿࡼ࡟ࢼࢸࢡ 24GHz ↓⥺㟁ຊ

ఏ㏦ᐇ㦂  
〇సࡓࡋ MMIC ᩚὶᅇ㊰ࢆᐇ⿦ࡓࡋ MMIC ᐇ⿦ࣞࢡ

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౑⏝ࢆࢼࢸࣥ࢔ࢳࢵࣃ࡚ࡋ〇

సࠊࡋMMIC ࡓࡋ〇సࠋࡓࡋᐇ⿦ࢆ MMIC ᐇ⿦ࣞࢸࢡ

ᅗࢆࢼ 10 MMICࠋࡍ♧࡟ ࢺࢫ㖟࣮࣌ࡣᇶᯈࣥࣟࣇࢸ࡜

ࢺฟຊ࣏࣮࡜ࢺධຊ࣏࣮ࡢὶᅇ㊰ᩚࠊࡋᅛᐃ࡚ࡗࡼ࡟

⥆᥋࡜ᇶᯈࣥࣟࣇࢸ࡚ࡗࡼ࡟ࣖ࢖࣡ࢢࣥ࢕ࢹࣥ࣎ࠊࡣ

ࡓࡲࠋࡓࡋ MMIC ᑟࢆࢻࣥ࢘ࣛࢢࡢࢼࢸࣥ࢔ࢳࢵࣃ࡜

㏻ࢆࢻࣥ࢘ࣛࢢ࢔࢕ࣦ࡟ࡵࡓࡿࡍ 5 ࠋࡓࡋព⏝ࡘ  

 
ᅗ 10㸸MMIC ᐇ⿦ࣞࢼࢸࢡ  

 

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

2 ࢻࢵࣃฟຊࡢࢼࢸࢡࣞࠋࡓࡋ〇సࢆ࢖ࣞ࢔ࢼࢸࢡࣞ

4ࠊࡋࡅ௜ࡔࢇࡣࢆࣖ࢖࣡࡟㠃ࢻࣥ࢘ࣛࢢ࡜ ୪ิࡋ࡜

࡚㈇Ⲵ࡟᥋⥆ࠋࡓࡋ㈇Ⲵ࣮࣮࣮ࣔࣛࢯࡢ♫࣑ࣖࢱࡣ࡟

02MABUCHI RF-500TB࣮ࢱ ࢼࢸࣥ࢔㏦ಙࠋࡓࡋ⏝౑ࢆ

ࡣ࡟ ATM 㸦Model No.42-442-6㸧ࢼࢸࣥ࢔࣮ࣥ࣍ࡢ♫
ࡽ࠿ࢼࢸࣥ࢔࣮ࣥ࣍ࠋࡓࡋ⏝౑ࢆ 790mW ᨺࢆ㟁ຊࡢ

ᑕࠊࢁࡇ࡜ࡓࡋฟຊ┤ὶ㟁ຊࡣ 2.47mW ຊ⮬ࠊࡾ࠶࡛

ࡣ೵Ṇ᫬ࡢ࣮ࢱ࣮ࣔࠋࡓࡗ࠿࡞ࡋጞືࡣ࣮ࢱ࣮ࣔࡣ࡛

ධຊࡀࢫࣥࢲ࣮ࣆࣥ࢖పࠊࡃධຊࡀࢫࣥࢲ࣮ࣆࣥ࢖ప

ᅗ࡜࠸ 7 ࡗࡀࡓࡋࠋࡿࡀୗࡀ⋠ኚ᥮ຠࡢὶᅇ㊰ᩚࡾࡼ

࡚ጞື࡟ࡵࡓࡿࡏࡉ༑ศ࡞㟁ຊࢆ౪⤥࡛࡜ࡓࡗ࠿࡞ࡁ

࡜ࡿࡏࡉጞືࢆ࣮ࢱᡭື࡛࣮ࣔࠊࡋ࠿ࡋࠋࡿࢀࡽ࠼⪄

ᣢ⥔ࢆ㟁ຊ࡛ᅇ㌿ࡓࡋὶᩚ࡚ࡗࡼ࡟ࢼࢸࢡࣞࡣᚋࡢࡑ

ࢼࢸࣥ࢔ࡿࡅ࠾࡟ᅇ㌿᫬࣮ࢱ࣮ࣔࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍ

࿘㎶ࡢᐇ㦂⣔ࡢ෗┿ࢆᅗ 12 ࠋࣔࡓࡋ♧࡟ ᅇ㌿᫬࣮ࢱ࣮

ࡣฟຊ┤ὶ㟁ຊࡢ 4.86mW ࠋࡓࡗ࠶࡛  

 
ᅗ 11㸸MMIC ᐇ⿦ࣞ࢖ࣞ࢔ࢼࢸࢡࣞࡓ࠸⏝ࢆࢼࢸࢡ  

 

ᅗ 12㸸↓⥺㟁ຊఏ㏦ᐇ㦂ࡢᐇ㦂⣔෗┿  
 

ࡵ࡜ࡲ .5  
ᥦ᱌ࡿࡍ㟁ຊఏ㏦࡜㏻ಙྠࢆ᫬ࢸࢫࢩ⥺↓࠺⾜࡟

ࡢ࡜㏻ಙᅇ㊰ࠊ࡚࠸࠾࡟࣒ MMIC ໬ࣉࢵࢳࣥ࣡ࡿࡼ࡟

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

ධຊ㟁ຊࡣ⋠኱ኚ᥮ຠ᭱ࠊࡋᡂຌ࡟ 194mWࠊ㈇Ⲵ᢬ᢠ

120Ȑࡢ᫬ ࢆࢼࢸࣥ࢔ࢳࢵࣃ᪉ᙧࡓࡲࠋࡓࡗ࡞࡜48.0%

タィࡋ MMIC ᩚὶᅇ㊰ࢆᐇ⿦ࡓࡋ MMIC ᐇ⿦ࣞࢼࢸࢡ

4ࠋࡓࡋ〇సࢆ ୪ิࡢ MMIC ᐇ⿦ࣞࢆࢼࢸࢡ౑⏝ࡓࡋ

24GHz ↓⥺㟁ຊఏ㏦ᐇ㦂ࢆ࣮ࢱ࣮ࣔࠊ࠸⾜ࢆ㥑ືࡏࡉ

㏻ࡿࡍ⏝౑࡟࣒ࢸࢫࢩ⥺↓ࡣ௒ᚋࠋࡓࡋᡂຌ࡟࡜ࡇࡿ

ಙᅇ㊰ࡢ㥑ືࢆ᝿ᐃᩚࡓࡋὶᅇ㊰ࡢ㛤Ⓨࠋ࠺⾜ࢆ  
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