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GaN SBD Rectenna Circuit with Higher-Harmonics Rejection Filter 
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Abstract Inserting a higher-harmonics rejection filter in rectenna circuits, the reflected signal contains only the 
fundamental-mode. Then, the impedance matching becomes easy allowing the complete suppression of the reflection. Circuit 
simulation results indicated that the rectenna circuits look like the parallel connection of the junction capacitance of the SBD 
and load resistance. The parameters did not vary so largely that the matching operation is stable. Also, the filter characteristics 
did not largely affect the parameters. The technique is applied to GaN SBD rectenna circuits and confirmed that the reflection 
suppression at any load resistance values. 

Keyword  Rectenna Circuit, Higher-Harmonics Rejection Filter, Impedance Matching, GaN SBD, Reflection Suppression 

 
 

ࡵࡌࡣ .1  
↓⥺㟁ຊఏ㏦࡛⏝ࢼࢸࢡࣞࡿࢀࡽ࠸ᅇ㊰࡛ࢲࠊࡣ

㛫✵ࡽࢼࢸࣥࡲࡲࡢࡑࡣᑕࡢࡽ㒊ࢻ࣮࢜

ᨺᑕࡵࡓࡿࢀࡉ༢⣧ᦆኻࡢࢻ࣮࢜ࢲࠋࡿ࡞㠀⥺

ᙧᛶࡽᑕἼࡣᇶᮏἼᩘᩚࡢಸࡢ㧗ㄪἼࠊࡵࡓࡴྵࢆ

ࢮࢆᑕ࡚ࡋྜᩚࢫࣥࢲ࣮ࣆࣥྠࢆἼࡢࡽࢀࡇ

ࠋ࠸ࡋ㞴࡚ࡵᴟࡣࡇࡿࡍࣟ  
㈇Ⲵᢠࡸฟຊ DC 㟁ᅽࢆไᚚࠊ࡛ࡇࡿࡍᇶᮏἼ

ᑕᢚไࡢᗘ⛬ࡿ࠶࡛ࡇࡿࡍࡃࡉᑠࢆ㧗ㄪἼᡂศࡸ

ࢲࠊࡀᅇ㊰ࡓࡋᢚไࢆᑕࠊࡋࡋࠋࡿ࠶࡛⬟ྍࡣ

ࡀᑕࡣ⯡୍ࠊࡃ↓ࡣ࡛௳᮲ࡢ㐺࡚᭱ࡗࢻ࣮࢜

᭱ᑠࡿ࡞㈇Ⲵ᮲௳ࢻ࣮࢜ࢲᦆኻ᭱ࡀᑠࡿ࡞㈇

Ⲵ᮲௳ࠊࡾ࡞␗ࡀ⤖ᯝ࡚ࡋᅇ㊰ࡢ⬟ຊ᭱ࢆࡣᘬ

࠸࡞࠸࡚ࡏฟࡁ ࠋ[1]  

᳨ࢆ᪉ἲࡿࡍᢚไࢆ㈇Ⲵ᮲௳࡛ᑕࡢព௵ࠊ࡛ࡇࡑ

ウ୍ࠋࡓࡋ࿘ἼᩘࣥࢧࡢἼࡢሙྜࠊࡣL ࡸ C ࡢ࡞

ࠊࡣࡇࡿࡍᢚไࢆᑕࡃ↓ᦆኻ࡚࠸⏝ࢆࢫࣥࢱࢡࣜ

ࠊ࡛ࡇࡑࠋࡿ࠸࡚ࢀࡽ▱ࡃࡼ࡚ࡋྜᩚࢫࣥࢲ࣮ࣆࣥ

ࢆᑕἼ࡚ࡅタࢆࢱࣝࣇ㧗ㄪἼ㐽᩿ᅇ㊰ࢼࢸࢡࣞ

ᇶᮏἼࢆࡇࡿࡍࡳࡢヨࡢࡇࠋࡓࡳ≧ែࡀᅇ㊰ⓗ

Ᏻᐃ࡛ࡘ࡞ࡁᦆኻࢆⓎ⏕ࡤࢀࡅ࡞ࡋ༢୍࿘Ἴᩘ࡛

ࠋࡿ࡞⬟ྍ⏝ࡀ⾡ᢏྜᩚࢫࣥࢲ࣮ࣆࣥࡢ  
ᮏㄽᩥ࡛ࢼࢸࢡࣞࠊࡣᅇ㊰㧗ㄪἼࢆࢱࣝࣇධࢀ

ࢆ⾡ᢏࡢࡑࠊᙳ㡪ࡢሙྜࡓ GaN ࣜࣂ࣮࢟ࢺࢵࣙࢩ

ࢻ࣮࢜ࢲ (SBD)ࢼࢸࢡࣞࡓ࠸⏝ࢆᅇ㊰㐺⏝ࡓࡋ⤖

ᯝࢆሗ࿌ࠋࡿࡍ  
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2. 㧗ㄪἼ㐽᩿ࢻ࣮࢜ࢲࡿࡼࢱࣝࣇ≉ᛶ  
ᅗ㸯ࢼࢸࢡࣞࢺࣥࣕࢩࣝࢢࣥࢩᅇ㊰ᆺⓗ࡞

ධฟຊಙྕἼᙧᩚࠋࡍ♧ࢆὶࡣࢻ࣮ࢲ㡰᪉ྥ㟁ᅽ⠊

ᅖ࡛ࡣ Z=0ࠊ㏫᪉ྥ࡛ࡣ Z=҄ࡓࡲࠊࡾ࡞Ȣ /4 ඛ࠶

ࡣ㒊࡛ࢱࢩࣃࣕ࢟ࡿ Z=0 ຠᯝ࡛ᑕࡢࡽࢀࡇࠋࡿ࡞

ἼᙧࣥࢧࡣἼୖࡢ➃㒊ୗ➃㒊ࢆᢡࡾ㏉ࡓࡋἼᙧ

ฟຊࡣ㟁ᅽࡢࡋ㏉ࡾᢡࠋࡿ࡞ DC 㟁ᅽ࡛Ỵࢀࡑࠊࡾࡲ

ࡇࠋࡿ࠸࡚ࡋᏑᅾࡶ௳᮲ࡿ࠼ᾘࡀᑕࡢᇶᮏἼࡾࡼ

ࠊࡀࡿ࡞ࡃࡉᑠࡀᑕࡶࡎࡏࢆᕤኵ࡞ู≉ࡣ࡛௳᮲ࡢ

ὶᖜẚ DC ฟຊ㟁ᅽࡀప࠸≧ែ࢜ࢲ࡛ࡢ࡞

ࠋࡿ࡞ࡃࡁࡣᦆኻࡢ࡛ࢻ࣮  
タࢆࢱࣝࣇ㧗ㄪἼ㐽᩿๓ࡢࢻ࣮࢜ࢲࠊ࡛ࡇࡑ

ᅇ㊰࡚࠸ࡘኚ≉ᛶࡸᑕࡢࡑࠊ࡚࠸ࡘሙྜࡓࡅ

ࢱ࣮࣑ࣞࣗࢩ Microwave Office(MWO)᳨࡚࠸⏝ࢆウࡋ

࠸⏝ࢆࣈࢱࢫࣥࣉ࣮࢜ࠊࡣ࡚ࡋࢱࣝࣇ㧗ㄪἼࠋࡓ

࡚㸰㹼㸴ḟࡢ㧗ㄪἼࢆ㐽᩿ྛࡘࠊࡋ࿘ἼᩘࡢᑕἼ

ࡶࡓࡋ⨨㓄࠺ࡼࡿ࡞㒊࡛᭱ࢻ࣮࢜ࢲࡀᖜࡢ

ࡢ ࢱࣝࣇ) A)ࡌྠ࡚ࡍࢆࣈࢱࢫࣥࣉ࣮࢜ࠊሙᡤ

ࡢࡶࡓ࠸⨨ ࢱࣝࣇ) B)ࠊᇶᮏἼ㸰ḟ㧗ㄪἼྛࡢ࿘

Ἴᩘࡢ୰㛫ࢆ➃ࢻࣥࣂタࢫ࣮࣮࣡ࢱࣂࡓࡅᆺࡢ LPF
ᅗࢆ㏱㐣≉ᛶࡢࢱࣝࣇྛࠋࡿ࠶࡛ 2 ࠋࡍ♧  

㧗ㄪἼ㐽᩿ࢆࢱࣝࣇ㏻ࡓࡋሙྜࢼࢸࢡࣞࡢᅇ㊰

ࣙࢩ࣮࣑ࣞࣗࢩࠋࡿㄪ࡛ࢱ࣮࣑ࣞࣗࢩᅇ㊰ࢆᛶ≉ࡢ

ಙྕゎᯒ࡛ࡣゎᯒࠋࡍ♧ᅗ㸱ࢆᅇ㊰ᅗࡓ࠸⏝ࣥ

ࡿ࠶࡛ࢱ࣮࣓ࣛࣃᑠಙྕࡵࡓࡿ࠶ S ᥋┤ࡣࢱ࣮࣓ࣛࣃ

ồࠊ࡛ࡇࡑࠋ࠸࡞ࡽࡲ㏦ಙഃࢆࢱ࣮࣮ࣞࣗ࢟ࢧධࢀ

࡚ᑕἼࡾྲྀࢆࡳࡢฟࡢࡑࠊࡋ┦ᖜࢆධᑕಙྕ

࡚ࡋẚ㍑ S 㸦ᅇ㊰ࡿࡍ⟭ィࢆࢱ࣮࣓ࣛࣃ A)ࠋḟࠊ

ᙧᅇ㊰㸦ᅇ㊰⥺ࡓࡋ㏻ࢆࢱࣝࣇࡌྠ B)࡛ࡌྠࡃ S
ࢆࡏࢃྜࡳ⤌ࡿ࡞ࢱ࣮࣓ࣛࣃ MWO ࡛⌮㐺ฎ᭱ࡢ

ồࠊࡵ⥺ᙧᅇ㊰㒊ศࡢࡳࡢ S ᅇࢼࢸࢡࣞࢆࢱ࣮࣓ࣛࣃ

㊰ࡢ⥺ᆺࡓࢀࡉᅇ㊰ࠋࡿࡍࢱ࣮࣓ࣛࣃ  
SBD ᖜࡣ࡚ࡋࣝࢹᅇ㊰ࣔࡢ �ȝP㺂㛗ࡉ ��ȝPࣇࡢ

ࣉࢱ࣮࢞ࣥ GaN SBD ࢱ࣮ࢹࡢ (IS=3e-13mA, RS=7.2
Ȑ , CJ0=0.19pF, VJ=1V, N=1.5, M=0.28 )[2]ࡲࠋࡓ࠸⏝ࢆ

್࡞ࡁ༑ศࡣࢱࢩࣃࣕ࢟ᖹࠊࡓ (1mF)ࠋࡓࡋ࿘Ἴ

ࡣᩘ 2.45GHzࡢࢼࢸࢡࣞࠊධຊ㟁ຊࡣ 1W ࠋࡿ࠶࡛

㸦ಙྕ※㟁ຊ㸫࡛ࡢࡿ࠶ࡀᑕࡢࡽᅇ㊰ࢼࢸࢡࣞ

ᑕ㟁ຊ㸧ࡀ 1W ࠸࡚ࡋㄪᩚࢆಙྕ※㟁ຊ࠺ࡼࡿ࡞

ࠋࡿ  
ࢆᩘ࣮࢞ࣥࣇ 1~16㺂㈇Ⲵᢠࢆ ��a���ȍ ࡓ࠼ኚ

ィ⟬⤖ᯝࢆᅗ㸲ࠋࡍ♧ᑕ≉ᛶᩘ࣮࢞ࣥࣇࡣ㈇

Ⲵᢠ౫Ꮡࡓࡋ㛵ಀࠋࡿ࠸࡚ࡋ♧ࢆẚ㍑ࡵࡓࡢ㈇Ⲵ

ᢠ್ࡌྠᢠࡢࢻ࣮࢜ࢲࠊ Cj0 ࡢ 1/2 ࡢᐜ㔞ࡢ

୪ิᅇ㊰ࡢᑕࢆᅗ 4(b)ࠋࡍ♧ࠊࡀ࠸↓ࡣ࡛ࡌྠࡃ

ఝࡓഴྥࢆᣢ୍ࡓࡲࠋࡿุࡀࡇࡿ࠸࡚ࡗ㒊ࡢ᮲௳࡛

ࢆධຊ㟁ຊࠊࡣ 10W  0.1W 㟁ࠋࡓࡋ♧ࡶሙྜࡓࡋ

ຊࡿࡆୖࢆಙྕᖜࡀቑࡢࢻ࣮࢜ࢲࠊ࠼ C-V ≉ᛶ

Sࠊࡵࡓࡢࡑࠋࡿࡍῶᑡࡣஈᒙᐜ㔞✵ࡢᖹᆒࡽ ࣃ

ࠋࡿࡍࢺࣇࢩపᐜ㔞ഃࡀࢱ࣮࣓ࣛ  
ᅗࠊࡓࡲ 5 ຠ࡚࠼ኚࢆ㢮✀ࡢࢱࣝࣇ㧗ㄪἼ㐽᩿ࡣ

ࠊ࡛ࡌྠ⟭ィࡢඛࡣ࡛ࡇࡇࠋࡿ࠶ᯝ࡛⤖ࡓࡋ⟭ィࢆ⋠

㟁ຊࡓࡗධ㒊ࢼࢸࢡࣞ 1W ࡚ࡋ⟭ィࢆ⋠ຠࡿࡍᖏ

ෆࠊࡓࡲࠋ࠸࡞࠸࡚ࡗධࡣࢫࣟࡿࡼᑕࠊ࡛ࡢࡿ࠸

㒊Ἴᙧࣥ࢜ࢆ≧ែ୍࡛ࡣᐃࣇ࢜ࠊ≧ែ࡛ࣥࢧࡣἼ

ࣝࢹゎᯒࣔࡓࡋ⟭ィ࡚ࡋ ࠸࡚ࡗධࡶ್⟭ィࡿࡼ[3]

ࢱࣝࣇࠊࡃ↓ࡣᕪ࡞ࡁࡢࡢࡶࡿ࠶ࡣᕪࡢⱝᖸࠋࡿ

ࠋࡿ࠶࡛࠺ࡑࡉ࡞ࡣᕪ࡞Ỵᐃⓗඃຎࡿࡼ㢮✀ࡢ  
 

ǌ��

RLOADC

ᅗ ධฟࡢࡑᅇ㊰ࢼࢸࢡࣞࢺࣥࣕࢩࣝࢢࣥࢩ 1

ຊἼᙧ  

 

ᅇ㊰(B) Ry 

LPF [ǌ 

ᅇ㊰(A) 

LPF ǌ�� RLOAD 

C 

ᅗ 3 㧗ㄪἼ㐽᩿ࢆࢱࣝࣇ㏻ࢼࢸࢡࣞࡓࡋᅇ㊰

ᢳฟࡢᙧ➼౯ᅇ㊰⥺ࡢ  

0

0.2

0.4

0.6

0.8

1

1.2

0 2.45 4.9 7.35 9.8 12.25 14.7 17.15 19.6

㏱
㐣
⋡

࿘Ἴᩘ[GHz]

䝣䜱䝹䝍A
䝣䜱䝹䝍B
LPF

ᅗ 2 3 ㏱㐣≉ᛶࢱࣝࣇ㧗ㄪἼ㐽᩿ࡢ✀  
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3. GaN SBD ᅇ㊰ࢼࢸࢡࣞࡓ࠸⏝ࢆ  
ᐇ㝿㧗ㄪἼ㐽᩿ࢆࢱࣝࣇᦚ㍕ࢼࢸࢡࣞࡓࡋᅇ

㊰ࢆసᡂࡢࡑࠊࡋຠᯝࢆㄪࠋࡓᅇ㊰ࣕࢩࣝࢢࣥࢩࡣ

ࡉཌࡣᇶᯈࠊᅇ㊰࡛ࢺࣥ 1.27mm ᇶᯈࣥࣟࣇࢸࡢ

㸦AD1000ࠊȜ㹰 ࠊ10.6= tanț=0.0023@10GHz㸧࠸⏝ࢆ

ࡿ࠸࡚ (ᅗ ࣉࠊࡋ╔᥋ୖࡢᗙྎࡢ㖡ࡣࢻ࣮࢜ࢲࠋ(6

ࡘ࡛ࢢࣥࢹࣥ࣎⥺㓄ࡓࡋ࢟ࢵᯈ⾲㠃࡛㔠࣓ࢺࣥࣜ

ࡢฟຊ㒊ࠋࡿ࠸࡛࠸࡞ DC ㏱㐣ࡣࢱࣝࣇ 100pF ࢳࡢ

ࢵ ࣉ ࢥ ࣥ ࢹ ࣥ ࢧ 㸦 ᮧ ⏣ 〇 స ᡤ 㸸

GRM1882-C2A-101JA01D)Ȣ /4 ࢆࣈࢱࢫࣥࣉ࣮࢜ࡢ

࡚ࡋࢱࣝࣇ㧗ㄪἼ㐽᩿ࡢධຊศࡓࡲࠋࡓ࠸⏝ 2 ḟ

㹼5 ḟࡢ㧗ㄪἼࢆ㐽᩿ࠊࢆࣈࢱࢫࣥࣉ࣮࢜ࡢࡵࡓࡿࡍ

๓⠇ࢱࣝࣇࡢ A ࡢ㛗ࣈࢱࢫࡽࢻ࣮࢜ࢲࠊᵝྠ

㊥㞳ࢻ࣮࢜ࢲࠊࡋ࠺ࡼࡿ࡞㒊࡛ᑕἼ᭱ࡀ

ࠋࡓ࠸⨨࠺ࡼࡿ࡞  
⏝ࡓࡋ GaN SBD ࢆ┿ࣉࢵࢳ㠃ᶍᘧᵓ㐀᩿ࡢ

ᅗ 7 ࢞ࣥࣇࡵࡓࡿࡍపῶࢆ㒊ᢠࢫࢭࢡࠋࡍ♧

࣮ᵓ㐀ࠊࡾ࠾࡚࠸⏝ࢆᅇࡣ 2ȣm×100ȣm ࣥࣇࡢ

ࡀ࣮࢞ 8 ᮏࠋࡓ࠸⏝ࢆࡢࡶࡢDC ≉ᛶࡽồࣛࣃࡓࡵ

ࡣࢱ࣮࣓ RON=0.675ȐࠊVF=1.17V1ࠊMHz ᐜ㔞 ᐃࡢ࡛

ࡣᐜ㔞ࡓࡵồࡽ C j0=3.96pF ࣑ࣞࣗࢩᅇ㊰ࠋࡓࡗ࠶࡛

ࡓ࠸⏝ࣥࣙࢩ࣮ 1 ࢻ࣮࢜ࢲ࣮࢞ࣥࣇ 16 ᮏศ┦

ᙜࣥ࢜ࠊࡀࡿ࠶࡛ࡎࡣࡿࡍᢠࡸࡸࡀ㧗ࠋࡿ࠸࡚ࡗ࡞ࡃ 
 

ᅇ㊰ ᐃ⣔ࢼࢸࢡࣞ .4  
ᅗ 8 ♧ࢆᐃ⣔ ࡓࡋ⏝ᅇ㊰ ᐃࢼࢸࢡᅇࣞ

ࡣ※ಙྕࠋࡍ Agilent E8364B ࢡ࣮࣡ࢺࢵࢿࣝࢺࢡ࣋

ࢆಙྕࡢࡑࠋࡓ࠸⏝ࢆ㸦VNA㸧ࢨࣛࢼ VNA ࡢ Port 1
 ࡽ ฟ ຊ ࡋ ࠊ  ࣥ ࣉ (40dB, Mini-Circuits 
ZHL-16W-43-S+)࡚ࡗࡼಙྕቑᖜ࡚ࡋࡑࠋࡿࡍ᪉ྥᛶ

-1

0

1

-1 0 1

㻢㻜䃈

㻟㻜䃈

㻝㻞㻜䃈

㻞㻡㻜䃈
㻡㻜㻜䃈

1 finger

8 finger

16 finger

4 finger

2 finger

-1

0

1

-1 0 1

㻢㻜䃈

㻟㻜䃈

㻝㻞㻜䃈

㻞㻡㻜䃈

㻡㻜㻜䃈

1 finger

8 finger

16 finger

4 finger

2 finger

䕔䚷10 W
䕿䚷㻝㻌㼃
䕧䚷㻜㻚㻝 㻌㼃

(a) 

(b) 
ᅗ ᑕ≉ᛶ (a)㧗ㄪἼࡢୖࢺ࣮ࣕࢳࢫ࣑ࢫ 4

㐽᩿ࢆࢱࣝࣇ㏻ࢺࣥࣕࢩࣝࢢࣥࢩࡓࡋ

ࠊᅇ㊰ࢼࢸࢡࣞ (b)ᩘ࣮࢞ࣥࣇẚࡋ

ࡓ C ୪ิᅇ㊰ࡢ㈇Ⲵᢠ  

 

RLOAD nCj0/2 

RLOAD 

Ȣ/4 

n-finger 

diode 

 

㧗ㄪἼ㐽

᩿䝣䜱䝹䝍 
GaN  

SBD 
䜻䝱䝟

䝅䝍 

RF ධຊ  DC ฟຊ  䃚/4 

ᩚྜㄪᩚ

㡿ᇦ  

ᅗ 6 GaN SBD ࢡࣞࢺࣥࣕࢩࣝࢢࣥࢩࡓࡋᦚ㍕ࢆ

ᅇ㊰ࢼࢸ  

40

60

80

100

0.1 1 10 100

ຠ
⋡

[%
]

䝣䜱䞁䜺䞊ᩘ

Aࢱࣝࣇ

Bࢱࣝࣇ

LPF

⌮ㄽ್

RLOAD=500䃈

㻝㻞㻜䃈

㻟㻜䃈
Aࢱࣝࣇ

Bࢱࣝࣇ

LPF

༢⣧ࣔࣝࢹ

ᅗ 5 RF/DC ኚຠ⋡ᩘ࣮࢞ࣥࣇࡢ౫Ꮡᛶࠋኚ

ຠ⋡ࡣಙྕ※㟁ຊ -ᑕἼ㟁ຊᑐࡿࡍ

DC ฟຊ㟁ຊ (ȞDIODE)࡛ࠋࡿ࠶ (f=2.45GHz) 
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⤖ྜჾ (Agilent 772D Dual Directional Coupler)ࢆࠊ࡚ࡋ

ධຊࡢ㸯%㸦 -20dB㸧ࢆศ㓄ࠊࡋࢱࢽࣔࢆࢀࡑ࡚ࡋṧࡾ

ࡋ⏕Ⓨࡽᅇ㊰ࢼࢸࢡࣞࠋࡿࡍධຊᅇ㊰ࢼࢸࢡࣞࢆ

࡚ࡗࡼ᪉ྥᛶ⤖ྜჾࡌྠࡣᑕἼࡓ 1%ศ㞳ࡶࡓࡋ

ࢆࡢ VNA ࡢ Port 2 ࡾࡼࢀࡇࠋࡿࡍධຊ VNA ࡛ぢ

ࡿ S21 ࡢᅇ㊰ࢼࢸࢡࣞࡣ S11 ࠋࡿ࡞ࡇࡿ࠸ぢ࡚ࢆ

ࢆᑕ≉ᛶ࡚ࡗࡼ VNA ࡿࡍㄆ☜࡛ࢺ࣮ࣕࢳࢫ࣑ࢫࡢ

Ȣࡣධຊ㒊ࡢᯈࢺࣥࣜࣉࠋࡿࡁ࡛ࡀࡇ /4 㸱ࡈ

ᮏࡢȢ /4 ᥋ࢆࢀࡇࠊࡾ࠾࡚ࢀࡉព⏝ࡀࣈࢱࢫࣥࣉ࣮࢜

ࢆ┦ࡉࡁࡢಙྕࡢᑕ࡛ࡇࡿࡍ⥆ VNA
ୖ࡛☜ㄆ࡛ࠋࡿࡁ DC ฟຊࡣ㟁Ꮚ㈇Ⲵ㸦ᐃ㟁ᅽ㟁※

Agilent U2722 ࢆ㈇Ⲵᢠ࡚࠸⏝ࢆไᚚ㸧࣒ࣛࢢࣟࣉࢆ

ኚࠋࡓࡋࢱࢽࣔࡘࡘ࠼  
ࡣྜᩚࢫࣥࢲ࣮ࣆࣥ 2 ᮏࡢࣈࢱࢫࣥࣉ࣮࢜ࡢ㛗

ࢡࢵࢳࢫࣛࣉ࡞㏱᫂ࡣᐇ㝿ࠋ࠺⾜࡚࠼ኚࢆ⨨ࡉ

ᯈࡃ▷ษࡓࡗ㖡ࡾ㈞ࢆࣉ࣮ࢸࢆࡢࡶࡓࡅ㸰ಶ⏝ព

ࢺ࣮ࣕࢳࢫ࣑ࢫࠊࡏࡉ᥋ゐ⥺㔠㓄ࢆഃࣉ࣮ࢸ㖡ࠊࡋ

VNAࠋࡿࡍㄪᩚ࡚ࡋືࢆ⨨ࡢࡑࡽࡀ࡞ぢࢆ ࢤࡢ

ࢆᑕ༑ศࡽࡀ࡞ぢࢆᑕἼಙྕ࡛ࡇࡿࡆୖࢆࣥ

ୗࠋࡿࡁ࡛ࡀࡇࡿࡆ  
 

ᐃ⤖ᯝ ࢼࢸࢡࣞ .5  
ᅗࠋࡓㄪࢆᛶ≉ࢱࣝࣇࡎࡲ 9 ࢟ࡸࢻ࣮࢜ࢲࡣ

ࡅฟຊ➃Ꮚࡽධຊ➃Ꮚ๓ࡿࡍ⨨タࢆࢱࢩࣃࣕ

2ࠋࡿ࠶㏱㐣ᑕ≉ᛶ࡛ࡢ࡚ ḟ㧗ㄪἼࡣ -20dB ⛬ᗘⴠࡕ

ࡀࡿ࠸࡚ 3 ḟࡣ -10dB4ࠊ ḟࡣ -15dB ࡗ࠶ࡀࢀ₃ࡸࡸ

ࠋࡓ  
ᅇ㊰ኚࢼࢸࢡࣞࡢሙྜ࡛࠸࡞࠸࡚ࡗࢆྜᩚࠊࡎࡲ

≉ᛶࢆᅗ 10 ≉ᑕࡢࢼࢸࢡࣞࡢࡢࡑࡓࡲࠋࡍ♧

ᛶ S11 ᅗࢆ 11 ࢆධຊࠋࡍ♧ P INࠊᑕฟຊࢆ PREFࠊ

DC ኚฟຊࢆ PDC ࠊຠ⋡ȞDIODEࢻ࣮࢜ࢲࡿࡍ

ᑕ⋡Ȟ REFࠊRF/DC ኚຠ⋡ȞTOTAL ࠺ࡼࡢ௨ୗࢆ

ᐃ⩏ࠋࡿࡍ  

 

ධຊࡣ 2.45GHz ࡛ 0.25W,㈇Ⲵᢠࡣ 20㹼200Ȑኚ࠼

࡚ྛຠ⋡ࡢ㈇Ⲵᢠ౫Ꮡᛶࢆ ᐃࠋࡓࡋ  
ᅗ 10 ᑕຠࡢࡁ࠸࡞࠸࡚ࡗࢆྜᩚࠊࡿࡳࢆ

ࡣᑠ᭱ࡢ⋠ 60Ȑ㏆࡛ 1.4㸣࡛ࠋࡓࡗ࠶ᅗ 11 ࢫ࣑ࢫ

ࡢ࡛ୖࢺ࣮ࣕࢳ S ࢜ࢲࠊ᪉୍ࠋࡓࡋ♧ࡶࢱ࣮࣓ࣛࣃ

ࡣ⋠ຠࢻ࣮ 100㹼150Ȑ᭱࢜ࢲ࡚ࡗࡼࠋࡓࡗ࠶ࡀ

࠸㧗ࡢ⋠ຠࢻ࣮ 100㹼150Ȑ࡛ᑕࡾࡼࠊࡤࢀࡏࡃ࡞ࢆ

㧗࠸ኚຠ⋡ࡀᚓࠋࡿ࠶࡛ࡎࡣࡿࢀࡽ  
㈇Ⲵᢠ࡚࠸⏝ࢆࣈࢱࢫࡢ㸰ಶࠊ࡛ࡇࡑ 150Ȑ࡛

ᑕ࠺ࡼࡿ࡞ࣟࢮࢆㄪᩚࠋࡿࡍᅗ 11 ࣮ࣕࢳࢫ࣑ࢫࡢ

ᅗࠋࡿࡍㄪᩚ࠺ࡼࡿ᮶ཎⅬࡀᑕ࡛ࢺ 11 ྜᩚࡣ࡛

ࡢᯝ⤖ࡢࡑࠊࡓࡲࠋࡓࡋ♧ࡶᑕࡢ௨እ࡛ࡓࡗྲྀࢆ

ᑕ⋡Ȟ REFࠊRF/DC ኚຠ⋡ȞTOTAL ᅗࢆ 12 ࡲࠋࡍ♧

ᅗࠊࡓ 13 ࢜ࢲࠋࡍ♧ࢆฟຊ㟁ຊ⋠ຠࢻ࣮࢜ࢲ

ฟຊ࠸࡞ᑡࡀᑕࠊࡀ࠸↓ࡣᕪ࡞ࡁ⋠ຠࢻ࣮

㟁ᅽࡀ㧗ࢻ࣮࢜ࢲࡵࡓࡿ࡞ࡃຠ⋡ࡿࡀୖࡶഴྥ࠶

㈇Ⲵᢠࡵࡓࡢ⪄ཧࠋࡿ 20Ȑ࡛ᑕࡓࡋࡃ↓ࢆሙྜࡢ

(1) 

 

(2) 

 

(3) � �
REFDIODE

IN

DC

TOTAL

IN

REF

REF

REFIN

DC

DIODE

ǈǈ
P

P
ǈ

P

P
ǈ

PP

P
ǈ

�  

 

�
 

1

 

 ǌ�� RLOAD 
C 

GaN SBD 

  

VNA 

㧗ㄪἼ䝣䜱䝹䝍 

(ㄪᩚ⏝䝇䝍䝤) 

(-20dB) 

(-20dB) 
(40dB) 

(ධຊ䝰䝙䝍) 

(DC ฟຊ) 

(䝥䝸䞁䝖ᯈ) 

ᅗ ᅇ㊰ ᐃ⣔ࢼࢸࢡࣞ 8  

ᅗ ᆺ࣮࢞ࣥࣇ 7 GaN SBD 㠃ᶍᘧᅗ᩿ࡢ (ᕥ (
8 ࣮࢞ࣥࣇ (2ȣm×100ȣm)ࢻ࣮࢜ࢲ  

Substrate 

n-GaN 

n+-GaN 

Ni
 

Au 

ᅗ 9 AD1000 ࢱࣝࣇୖ A ᑕ≉ᛶ ᐃ㏱㐣ࡢ

⤖ᯝࠋ  

-50

-40
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0 2.45 4.9 7.35 9.8 12.25 14.7

࿘Ἴᩘ㻔㻳㻴㼦㻕

S
[d

B
]
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ྛ≉ᛶࠋࡓࡋ♧ࡶ  
ᅗ 14  20Ȑ 150Ȑ௨እࡢ࡚ࡍࡢ㈇Ⲵᢠ40ࠊ

Ȑ ,60Ȑ ,80Ȑ࡛ࡓࡗྲྀࢆྜᩚࡶሙྜࡢ⤖ᯝࠋࡍ♧ࢆ

ᑕࡰࡣࠋࡿ࠸࡚ࡗ࡞ࣟࢮRF/DC ኚຠ⋡ࡣ

㈇Ⲵᢠࢻ࣮࢜ࢲࡣࢀࡇࠋࡿ࠸࡚ࡋ᪼ୖࡿࡀୖࡀ

ࡕ❧ࡢࢻ࣮࢜ࢲᑐⓗ┦ࠊࡾ࡞ࡃ㧗ࡀ㟁ᅽࡿࡢ

ࠋࡿ࠶࡛ࡵࡓࡿ࠸࡚ࡗ࡞ࡃࡉᑠࡀᙳ㡪ࡢ㟁ᅽࡾࡀୖ  
ᅇ᭱ࠊ RF/DC ኚຠ⋡ࡣ ࡑࠋࡓࡗࡲ␃56.6%

ࢆධຊ㟁ຊࡣཎᅉࡢ 0.25W ㏙๓ࠋࡿ࠶࡛ࡵࡓࡓࡋ

ࡣ㟁ᅽࡾࡀୖࡕ❧ࡢࢻ࣮࢜ࢲࡢࡇ࠺ࡼࡓ 1.17V

ࡣฟຊ㟁ᅽࠊࡋᑐࡢࡿ࠶࡛ 5V ࢲࠋࡿ࠸࡚ࡗࡲ␃

ࡢಸࡢࡑࡣ㟁ᅽࡿ㒊ࢻ࣮࢜ 10V ⛬ᗘ࡛ࠋࡿ࠶

ࡣࢻ࣮࢜ࢲࡢࢺࢵࣟࡢࡇ DC  ᐃ࡛ࡣ 35V ௨ୖࡢ⪏

ᅽࠊࡀࡓࡗ࠶ࡀᐇ㦂ࡢ㏵୰࡛ࡢࢻ࣮࢜ࢲ◚ᦆࡀఱᗘ

ࡓ࡞࠺ࡑࡾ࡞ࡃ࡞ࢀྲྀࡀࢱ࣮ࢹࡓࡗࡲࡲࠊࡾࡇ㉳

ࢆධຊ㟁ຊࡵ 0.25W ࢜ࢲࡀཎᅉࡢᦆ◚ࠋࡓࡋไ㝈

ࡢᚋࡣၥ㢟࡞ᮏ㉁ⓗၥ㢟ࡢࢢࣥࣜࢻࣥࣁࡢࢻ࣮

ㄢ㢟࡛ࠋࡿ࠶  
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䃖DIODE

VDC

ᅗ ຠ⋡ȞDIODEࢻ࣮࢜ࢲ 13 ฟຊ㟁ᅽ VDC ㈇Ⲵࡢ

ᢠ౫Ꮡᛶࠋ  
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ᅗ 12 ᑕ⋡Ȟ REF  RF/DC ኚຠ⋡Ȟ TOTAL ㈇Ⲵࡢ

ᢠ౫Ꮡᛶ࠸࡞ࡽྲྀࢆࢢࣥࢳࢵ࣐ࠋሙྜࠊ㈇Ⲵ

ᢠྛ 20Ȑ150ࠊȐ࡛ࡓࡗྲྀࢆࢢࣥࢳࢵ࣐ሙྜࢆ

ࠋࡍ♧  
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ᅗ ㈇Ⲵࡢ⋠ຠ✀ྛࡢሙྜ࠸࡞࠸࡚ࡗྲྀࢆྜᩚ 10

ᢠ౫Ꮡᛶ  

ᅗ 11  ᐃ࡚࠸࠾ᚓࡓࢀࡽ S ⤯ࡢᖜࠋࢱ࣮࣓ࣛࣃ

ᑐ್ࡣȢ /4 ᑕ࡛つ᱁ࡢ࡛ࣈࢱࢫ  
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ࡵࡲ .6  
ᇶᮏἼᡂࠊࡋᤄධࢆࢱࣝࣇ㧗ㄪἼᅇ㊰ࢼࢸࢡࣞ

ศࡓࡗ࡞ࡳࡢᑕἼࢫࣥࢲ࣮ࣆࣥࡿࡼࣈࢱࢫ

ࡿࡁ࡛ࡀࡇ࠺⾜ࢆᢚไࡢᑕ࡛ࡇࡿࡍ⏝㐺ࢆྜᩚ

ᐇ㝿ࠋࡓࡗุࡀࡇ GaN SBD ࡛సᡂࣝࢢࣥࢩࡓࡋ

ᅇ㊰࡛㈇Ⲵᢠࢺࣥࣕࢩ 20Ȑ㹼150Ȑ࡛ᑕࢮࡰࢆ

ࠋࡓࡁ࡛ࡀࡇࡿࡍࣟ  
ᅇ㊰࡛ࢱࣝࣇࠊࡤࢀࡼࣥࣙࢩ࣮࣑ࣞࣗࢩ㧗ㄪἼ

ᑕࢆᢲࢼࢸࢡࣞࢺࣥࣕࢩࣝࢢࣥࢩࡓ࠼ࡉᅇ㊰ࢲࡣ

୪ิ᥋⥆ᅇ㊰࡛㏆ఝࡢ㈇Ⲵᢠஈᒙᐜ㔞✵ࡢࢻ࣮࢜

ஈᒙᐜ✵ࡽቑࡢᖜࡿ࠼ቑࡀධຊ㟁ຊࠋࡿࡁ࡛

㔞ࡀᑠࡃࡉぢࠊࡀࡿ࡞࠺ࡼࡿ࠼࡞ࡁ≉ᛶኚືࡣ↓

ࠋࡿ࠶࡛⬟ྍࡀྜᩚࢫࣥࢲ࣮ࣆ࡚ࣥࡋᏳᐃࡃ  
ࡿࡍ㐺᭱ࢆ⋠ኚຠࡢ࡛ࢻ࣮࢜ࢲࠊࡣ࡛ࡲࢀࡇ

ฟຊ㟁ᅽࡸ㈇Ⲵᢠࡀᚲࡶࡋࡎᑕ᭱ࢆᑠࡿࡍ᮲௳

࠸ࡤࢀ࠸⏝ࢆ᪉ἲࡢࡇࠊࡋࡋࠋࡓࡗ࡞ࡋ⮴୍ࡣ

࣮࢜ࢲ࡛ࡢࡿࡁ࡛ࣟࢮࢆᑕࡶ࡛௳㈇Ⲵ᮲ࡿ࡞

ࢆ⬟ᛶࡢࢻ 100%ᘬࡁฟࡢࢼࢸࢡ࡚ࣞࡋຠ⋡ࢆ㧗ࡿࡵ

ࠋࡿࡁ࡛ࡀࡇ  
㧗࿘Ἴ㐽᩿ࢆࢱࣝࣇ㸱✀㢮᳨ウࠊࡀࡓࡋⱝᖸࡢᕪ

ࡣඃຎ࡞☜᫂ࠊᛶ࡛≉ࡌྠࡣᇶᮏⓗࡢࡢࡶࡿ࠶ࡀ

ࡉࡣࡵࡓࡢ㧗ຠ⋡ࡢᴟ㝈࡛ࠊࡋࡋࠋࡓࡗ࡞

ࠋ࠺ࢁ࠶ᚲせ࡛ࡀウ᳨ࡿ࡞ࡽ  
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