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Abstract  We propose a novel direct-current-resonance ZVS wireless power transfer system with an electromagnetic resonance field. 
The direct-current-resonance method is a new system technology to convert direct-current electric energy into electromagnetic field energy 
directly. In the direct-current resonance system the resonant current is generated from direct current voltage using the switching techniques 
and the electromagnetic resonance field is formed in space. The electromagnetic resonance field has vibrational energy in space itself and it 
is expanded by the interaction of an electromagnetic field. We analyze the electromagnetic field resonance coupling using the equivalent 
LCR series resonant circuit and derive a law of energy conservation from the analysis of the electromagnetic field energy density. We study 
the flow of the electric power in space using the Poynting vector. In the 10MHz-class experiment we have achieved 74.0% of system power 
efficiency in 75W of power supply. We prove that a direct-current-resonance system is an epoch-making and effective new technology. 
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Table 1  Equivalent input voltage vie and output voltage voe 

no state vie voe Q1 Q2 Q3 Q4

1 on-period 1 Vi vo on off on off

2 on-period 2 Vi 0 on off off on

3 off-period 1 0 0 off on off on

4 off-period 2 0 vo off on on off

5 deadtime 1 vied vo off off on off

6 deadtime 2 vied 0 off off off on

 
Fig. 3  Switching waveforms. 

 
Fig. 4  Equivalent circuit with coupling coefficient k.

(a) Direct-current-resonance system  (b) �Low efficiency 50:� system 
Fig. 1  A novel direct-current-resonance WPT system. 
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Fig. 2  Multi-resonant ZVS wireless power transfer system.
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 㸬ࡿࡁゎ㔘࡛࡜ࡿࡍ᭷ࢆ࣮ࢠࣝࢿ࢚᣺ືࡀࡢࡶࡢࡑ㸪✵㛫ࡣ
ཷ㟁ࡣࣝ࢖ࢥ㸪㟁☢⏺ඹ㬆ࡽ࠿ࢻ࣮ࣝ࢕ࣇ㟁Ẽ࣮ࢠࣝࢿ࢚

ඹ᣺ࡢࡇ㸪࡟ࡶ࡜࡜ࡿࡏࡉ⏕Ⓨࢆඹ᣺㟁ὶࡾࡼ࡟࡜ࡇࡿᚓࢆ

㟁ὶࡓࡲࡾࡼ࡟᪂࡞ࡓ㟁☢⏺ඹ㬆ࢆࢻ࣮ࣝ࢕ࣇᙧᡂࡿࡍ㸬ࡇ

㟁☢⏺ඹࡾࡼ࡟⏝஫స┦ࡢ⏺☢㟁ࡿࡅ࠾࡟⏝㏆᥋స࡞࠺ࡼࡢ

㬆ࢆࢻ࣮ࣝ࢕ࣇᣑ኱ࡿࡁ࡛ࡀ࡜ࡇࡿࡍ㸬 
ࡇࡿࡍ⤥౪ࢆ࣮ࢠࣝࢿ࢚㝸࡚࡚ࢆ㸪✵㛫ࡣ㟁⤥ࢫࣞࣖ࢖࣡

࠸⯙ࡿ᣺ࡢ⏺☢㟁࡚࠸࠾࡟ព࿡࡞㸪ᮏ㉁ⓗࡾ࠶୺┠ⓗ࡛ࡀ࡜

࠸⏝ࢆࢻ࣮ࣝ࢕ࣇ㸬㟁☢⏺ඹ㬆ࡿ࠶㔜せ࡛ࡣ࡜ࡇࡿࡍᐹ⪄ࢆ

ࡃᇶ࡙࡟ἲ๎↛⮬ࡿࡁᮇᚅ࡛ࡀ⏝㸪⏘ᴗᛂࡣὶඹ㬆᪉ᘧ┤ࡓ

᪂࣮ࢠࣝࢿ࢚ࡓ࠸⏝ࢆ㇟⌧⌮≀࠸ࡋኚ᥮࡜࣒ࢸࢫࢩゝࡿ࠼㸬 

4. 㟁☢⏺ࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏࡜࣮ࢠࣝࢿ࢚ゎᯒ 

4.1�  ゎᯒࡢࢫ࢖ࣂࢹ㏦ཷ㟁ࡓ࠸⏝ࢆࣝ࢖ࢥࣝ࢝ࣜ࣊
㏦㟁ཷ࡜ࣝ࢖ࢥ㟁ࡓ࠸⏝ࢆࣝ࢖ࢥ㏆ഐ⏺࡛ࡢ㟁ຊఏ㏦࡟㛵

ࢫ࢖ࣂࢹ㏦ཷ㟁ࡍ♧࡟㸬ᅗ2ࡿࡍゎᯒ࡚࠸⏝ࢆ᭷㝈せ⣲ἲ࡚ࡋ

ࣝ࢖ࢥ㏦㟁ࡿ࡞࡜ npཷ࡜㟁ࣝ࢖ࢥ ns ࢫࣥࢱࢡࢲࣥ࢖㸪⮬ᕫࡣ

Lp࡜ᾋ㐟ᐜ㔞 Cr 㸬㏦ཷ㟁ࡿ࡞࡜ඹ᣺ჾࡿࡍ㛵୚࡟ඹ㬆ືసࡀ

ࣝ࢖ࢥ np㸪ns 㖡㸪ᕳᩘࡣ㸪ᮦ㉁ࡣ np=ns=5࣮ࣥࢱ㸪༙ࣝ࢖ࢥᚄ

r=10cm㸪ࣝ࢖ࢥ㧗ࡉ h=5cm㸪⥺ᚄI=2mm 㸬᭷㝈せ⣲ἲࡿࡍ࡜

ゎᯒࢺࣇࢯ Femtet®࡚࠸⏝ࢆ㸪☢⏺࡜㟁⏺ࡢ㟼ゎᯒ࠺⾜ࢆ㸬㊥

㞳 dx=10cm 㸬ࡍ♧࡟ᅗ5(a)㸪ᅗ5(b)ࢆ㟁⏺ᙉᗘ࡜ᙉᗘ⏺☢ࡢ࡛

☢⏺ゎᯒࡾࡼ⮬ᕫࢫࣥࢱࢡࢲࣥ࢖ Lp=7.55PH㸪㟁⏺ゎᯒࡾࡼ

ᾋ㐟ᐜ㔞ࡢࣝ࢖ࢥ Cr=3.54pF 㸬ෆ㒊᢬ᢠࡿ࡞࡜ Ri ࢆ:678mࡣ
ᚓࡿ㸬ᘧ(6)ࡾࡼ⮬ᕫඹ᣺࿘Ἴᩘ fr �㸬ࡿ࡞࡜㸪ḟᘧࡣ

)MHz(8.302/1   rpr CLf S  (34) 

ືస࿘Ἴᩘ10ࢆMHz ⣭ࡵࡓࡿࡍ࡜㸪ඹ㬆ࡢࣝ࢖ࢥ୧➃࡟

Cra=30pF 㸬⮬ᕫඹ᣺࿘Ἴᩘࡿࡍ⥆᥋ࢆ fr  㸬ࡿ࡞࡜ḟᘧࡣ
)MHz(0.102/1)(2/1   � rprarpr CLCCLf SS  (35) 

እ㒊࡟ඹ᣺ࢆࢱࢩࣃࣕ࢟᥋⥆࡛࡜ࡇࡿࡍඹ㬆ࡢࣝ࢖ࢥ⮬ᕫ

ඹ᣺࿘Ἴᩘ fr  㸬ࡿࡁㄪᩚ࡛ࢆ
4.2� 㟁☢⏺ࡢ࣮ࢠࣝࢿ࢚ゎᯒ 
Ansys 〇 HFSS ࢆ࣮ࢠࣝࢿ࢚⏺☢㟁ࡿࡅ࠾࡟㸪✵㛫࡚࠸⏝ࢆ

ゎᯒࡿࡍ㸬ప࿘Ἴඹ㬆࿘Ἴᩘ fr1ࢆ࣮ࢠࣝࢿ࢚⏺☢ࡿࡅ࠾࡟ᅗ

6(a)㸪㟁⏺ࢆ࣮ࢠࣝࢿ࢚ᅗ6(b)ࡍ♧࡟㸬እ௜ࢱࢩࣃࣕ࢟ࡅ Cra 

=30pF 㸪㊥㞳ࡋ⥆᥋࡟ࣝ࢖ࢥ㏦ཷ㟁ࢆ dx= 20cm ࡢ㸪ୗഃࡋ࡜

ඹ㬆1࡟ࣝ࢖ࢥW ஺ὶ㈇Ⲵ࡛ࣝ࢖ࢥඹ㬆ࡢ㸪ୖഃࡋ⤥౪ࢆ Rac

㸪ప࿘Ἴඹ㬆࿘Ἴᩘࡋタᐃ࡟࠺ࡼࡿࡍ㈝ᾘࢆ㟁ຊ࡚࡟ fr1= 

9.88MHz ࡣ࡛ Rac=15k:㸪㧗࿘Ἴඹ㬆࿘Ἴᩘ fr2= 10.18MHz ࡛

 㸬ࡿࡍ࡜:㸪Rac=20kࡣ
㸬ࡿࡍศᕸ࡟࠺ࡼࡿࡍྜ⤖ࣝ࢖ࢥࡢࡘ㸪2ࡣ࣮ࢠࣝࢿ࢚⏺☢

୍᪉㸪㟁⏺ࡣ࣮ࢠࣝࢿ࢚㸪ࡢࣝ࢖ࢥ㏆ഐ࡟㧗ࡃศᕸࡿ࠸࡚ࡋ㸬

ప࿘Ἴඹ㬆࿘Ἴᩘ fr1࡛ࡣ㸪㏦㟁ཷ࡜ࣝ࢖ࢥ㟁࡛ࣝ࢖ࢥᅇ㊰㟁

ὶࡣ㏫఩┦ࡾ࡞࡜㸪2ࡢࣝ࢖ࢥࡢࡘᑐ⛠㠃࡛㸪☢⏺ࡀᆶ┤࡞࡜

㸬㧗࿘Ἴඹ㬆࿘ἼᩘࡿࡍᙧᡂࢆẼቨ☢ࡿ fr2࡛ࡣ㸪ᅇ㊰㟁ὶࡣ

ྠ఩┦ࡾ࡞࡜㸪ᑐ⛠㠃࡛㟁⏺ࡀᆶ┤ࡿ࡞࡜㟁Ẽቨࢆᙧᡂࡿࡍ㸬

☢⏺ᙉᗘ࡜㟁⏺ᙉᗘࡣ㸪࿘ᮇⓗ࡟஺஫࡟ᙉࡿ࡞ࡃ㸬㟁☢⏺ඹ

㬆࡜ࢻ࣮ࣝ࢕ࣇ࿧ࡣ࡛㇟⌧⌮≀ࡪ㸪✵㛫ࡀࡢࡶࡢࡑ᣺ືࢿ࢚

㸬࠺⾜ࢆ஺᥮ࡢ࣮ࢠࣝࢿ࢚࡟࠸஫ࡀ⏺㟁࡜⏺☢㸪ࡋ᭷ࢆ࣮ࢠࣝ

☢㸪㟁ࡋ⏝స࡟஫┦ࡣ⏺㟁࡜⏺☢ࡿࡍᙧᡂࡀࣝ࢖ࢥඹ㬆ࡢࡘ2

ඹ㬆࡛࡜ࡇࡿࡍ⨨㓄ࢆࢫ࢖ࣂࢹ㸬ඹ㬆ࡿࡇ㉳ࡀ⏝஫స┦ࡢ⏺

 㸬ࡿࡁᮇᚅ࡛ࡀ⏝ᢏ⾡ᛂ࡞ࠎ㸪ᵝࢀࡉᣑ኱ࡣࢻ࣮ࣝ࢕ࣇ
4.3�  ゎᯒࡢࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏
ప࿘Ἴ࡜㧗࿘Ἴࡢࡘ2ࡢඹ㬆࿘Ἴᩘ fr1㸪fr2࡚࠸࠾࡟㸪ᑐྥࡍ

ࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏ࡿࡅ࠾࡟୰㛫ᑐ⛠㠃ࡢࣝ࢖ࢥࡢࡘ2ࡿ

ࡁ኱ࡓࡋ㐃ື࡜್ࡣࣝࢺࢡ࣋㸬ࡍ♧࡟ᅗ7ࢆᯝ⤖ࡓࡋゎᯒࢆࣝ

(a) Magnetic field            (b) Electric field 
Fig.5  Electromagnetic field analysis near two resonator coils.
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㸬ప࿘Ἴඹ㬆࿘Ἴᩘࡿࡍ♧⾲࡛ࡉ fr1࡜㧗࿘Ἴඹ㬆࿘Ἴᩘ fr2࡛

ᅇ㌿᪉ྥࡓࡗἢ࡟ᚄࣝ࢖ࢥ㸪ࡣࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏㸪ࡣ

ప࿘Ἴඹ㬆࿘ࡀ㸪୰㛫ᑐ⛠㠃ࡣ⏺㟁࡜⏺☢㸬ࡿ࡞࡜ ࡃྥ࡟

Ἴᩘ fr1࡛ࡣ☢Ẽቨ㸪㧗࿘Ἴඹ㬆࿘Ἴᩘ fr2࡛ࡣ㟁Ẽቨ࡚ࡗ࡞࡜㸪

ᙉᗘศᕸࡀ≉ᚩ௜ࡿࢀࡽࡅ㸬୍᪉㸪ࣝࢺࢡ࣋ࢢࣥ࢕ࢸ࣏ࣥ㸪

㸬ࡿ࡞࡜ᵝྠ࡚࠸࠾࡟ඹ㬆࿘Ἴᩘࡢࡘ㸪2ࡣࢀὶࡢ㟁ຊࡕࢃ࡞ࡍ

㏦㟁ഃࡢ⤥㟁ࡁ‪ฟ࡚ࡋ㸪ཷ㟁ഃࡢࡣ࣮ࢠࣝࢿ࢚ࡽ࠿ࢺ࣮࣏

ཷ㟁࡬ࢺ࣮࣏㟁ຊ౪⤥ࡿࢀࡉ㸬ࡣࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏㸪

ಖࡣ࣮ࢠࣝࢿ࢚ඹ㬆ࡿࡍ⁫㸪೵࡚ࡗ࡞࡜ ࡓࡗἢ࡟ᚄࣝ࢖ࢥ

Ꮡࡿࢀࡉ㸬ࡣ ࡢ࣮ࢠࣝࢿ࢚㸪ࣝ࢖ࢥ㏆ഐ࡛኱࠸ࡁ㸬ఏ㏦㊥

㞳ࡀ኱࡜ࡿ࡞ࡃࡁ㸪✵㛫ࡿࡅ࠾࡟㟁ຊࡢὶࡣࢀᑠ࡚ࡗ࡞ࡃࡉ㸪

㟁☢⏺ඹ㬆࣮ࢠࣝࢿ࢚ࡢࢻ࣮ࣝ࢕ࣇᐦᗘࡶᑠࡿ࡞ࡃࡉ㸬 
ࡀᡂศ࡞Ỉᖹ࡟㠃ࣝ࢖ࢥࡀᡂศࡢࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏

඲࡚࡜௬ᐃ࡜ࡿࡍ㸪㠃✚ศ್ࡾ࡞࡜0ࡣ㟁ຊࡢὶࡣࢀᏑᅾ࡞ࡋ

࡟ᑐ⛠㠃ࡢࣝ࢖ࢥࡢࡘ㸪2࡛ࡇࡑ㸬ࡿࡍ┪▩࡟ᐹ⪄ࡣࢀࡇ㸬࠸

ᑐ࡚ࡋᆶ┤ᡂศࢆࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏ࡢᢳฟࡿࡍ㸬ఏ㏦

㊥㞳ࢆ dx= 10cm 㸪ప࿘Ἴඹ㬆࿘Ἴᩘࡋ࡜ fr1= 9.56MHz ࣏ࡢ࡛

ᅗࢆ඲యࣝࢺࢡ࣋ᅗ8(a)㸪ࢆἲ⥺ᡂศࡢࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖

8(b)ࡍ♧࡟㸬࡜್ࡣࣝࢺࢡ࣋㐃ືࡓࡋ኱ࡿࡍ♧⾲࡛ࡉࡁ㸬ἲ

⥺ᡂศࡣࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏ࡢ᭷ຠ㟁ຊࡢὶࡋ⾲ࢆࢀ㸪

ࣥ࢕ࢸࣥ࢖࣏ࡢỈᖹᡂศࡿࡍᅇ㌿࡟ࡾᅇྑ࡚ࡗἢ࡟ᚄࣝ࢖ࢥ

㸬ἲ⥺ᡂࡿࡁᐹ࡛⪄࡜ࡍ⾲ࢆࢀὶࡢ㸪↓ຠ㟁ຊࡣࣝࢺࢡ࣋ࢢ

ศࡢࣝࢺࢡ࣋㠃✚ศ್ཷࡀ㟁࡟ࣝ࢖ࢥ౪⤥ࡿࢀࡉ᭷ຠ㟁ຊ࡜

 㸬ࡿ࡞࡜0ࡣ࿘ᮇ✚ศ್ࡢࣝࢺࢡ࣋Ỉᖹᡂศࡿࡍ㸪ᅇ㌿ࡾ࡞

࣋ࢢࣥ࢕ࢸࣥ࢖࣏ࡢἲ⥺ᡂศࡢ࡛⛠୰㛫ᑐࡢࣝ࢖ࢥࡢࡘ2

ࡋẚ㍑ࢆ㟁ຊࡓࡋ㟁ཷࡀࣝ࢖ࢥ㟁ཷ࡜್ࡓࡋ㠃✚ศࢆࣝࢺࢡ

࡚ᅗ9ࡍ♧࡟㸬ἲ⥺ᡂศࡢࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏ࡢ㠃✚ศ್

 㸬ࡿࡁㄆ࡛☜ࡀጇᙜᛶࡢ㸪ゎᯒ⌮ㄽࡃࡋ➼ࡰ࡯ࡣ㟁㟁ຊཷ࡜
4.4� ඹ᣺ჾ㛫ࡿࡅ࠾࡟ఏ㏦ຠ⋡ࡢゎᯒ 
㟁☢⏺ඹ㬆ࢆࢻ࣮ࣝ࢕ࣇᙧᡂࡿࡍඹ᣺ࢡ࣮࣡ࢺࢵࢿ㸦ඹ᣺

ᅇ㊰⥙㸧ࣝ࢖ࢥࡢࡘ2ࡿࡅ࠾࡟㛫ࡢఏ㏦ຠ⋡Ktr ᐹ⪄࡚࠸ࡘ࡟

㸪➃Ꮚࡋᑐ࡟ࢡ࣮࣡ࢺࢵࢿ㸬ඹ᣺ࡿࡍ i㸦i=1, 2㸧ࡿࡅ࠾࡟ධ

ᑕἼ࡜཯ᑕἼࢆ ai㸪bi㸪➃Ꮚ i Ꮚ㟁ᅽ➃ࡢฟຊἼ࡜ධຊἼࡢ࡛

ࢆ Vai㸪Vbi㸪≉ᛶࢆࢫࣥࢲ࣮ࣆࣥ࢖ Zoi 㸬ධᑕἼࡿࡍ࡜ ai㸪཯

ᑕἼ bi㸪S  㸬ࡿࢀࡉ⩏ḟᘧ࡛ᐃࡣࢱ࣮࣓ࣛࣃ
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)2,1(/,/    iZVbZVa oibiioiaii  (37) 

ఏ㏦ຠ⋡Ktrࡢ㟁ຊࡢ㛫ࣝ࢖ࢥ ࢿධᑕ㟁ຊ㸧/㸦ࡢ࡬㸪㸦㈇Ⲵࡣ

 㸬ࡘ❧ࡾᡂࡀ㸪ḟᘧࢀࡉ♧౪⤥㟁ຊ㸧࡛ࡢ࡬ࢡ࣮࣡ࢺࢵ
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୍᪉㸪㏦ཷ㟁ඹ᣺ჾࡢ Q ࢆ್ Q1㸪Q2ࡋ࡜㸪ఏ㏦ຠ⋡᭱ࢆ኱

኱ఏ㏦ຠ⋡Ktr max᭱ࡿࡅ࠾࡟㈇Ⲵࡿࡍ࡟  㸬ࡿࢀࡉ⾲㸪ḟᘧ࡛ࡣ
1

21
max )21( �� 

QQk
trK  (39) 

ఏ㏦㊥㞳 dx= 10cm㸪ప࿘Ἴඹ㬆࿘Ἴᩘ fr1= 9.56MHz ࠸࠾࡟

࡚㸪ఏ㏦ຠ⋡Ktr᭱࡜኱ఏ㏦ຠ⋡Ktr maxࢆゎᯒ࡚ࡋᅗ10ࡍ♧࡟㸬

ఏ㏦ຠ⋡Ktr 㸬୍᪉㸪᭱኱ࡿࡍపୗࡃࡁ኱࡜ࡿ࡞ࡃ㛗ࡀ㊥㞳ࡣ

ఏ㏦ຠ⋡Ktr max ኱ఏ㏦ຠ⋡Ktr max᭱࡞㸬⌮᝿ⓗ࠸ࡉᑠࡣపୗࡢ

ఏ㏦ຠ⋡Ktr࡞ᐇ⏝ⓗ࡜  㸬ࡿ࠶ࡀ␗ᕪ࡞ࡁ኱࡟㸪≉ᛶࡣ࡟
4.5� 㟁☢⏺ඹ㬆ࡢࢻ࣮ࣝ࢕ࣇᣑ኱࡜ゎᯒ 
ࢺࣇࢯ᭷㝈せ⣲ἲゎᯒࡢ〇࢔࢙࢘ࢺࣇࢯࢱ࣒ࣛ Femtet®ࢆ

(a) Magnetic field energy         (b) Electric field energy 
Fig.6  Analytical electromagnetic field energy in fr1 = 9.88MHz.

(a) fr1= 9.88MHz                (b) fr2= 10.18MHz 
Fig.7  Poynting vector in electromagnetic resonance field. 

(a) Normal Poynting vector nS
*

  (b) Whole Poynting vector S
*

Fig.8  Normal Poynting vector between two coils.

Fig. 9  Analytical integral Poynting vector and received power.

Fig. 10  Analytical transmission efficiency in resonance field.
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㸬ࡿࡍ࡟࠿ࡽ᫂ࢆ࠸⯙ࡿ᣺ࡢࢻ࣮ࣝ࢕ࣇ㸪㟁☢⏺ඹ㬆࡚࠸⏝

㏦㟁ࣝ࢖ࢥ㸪ཷ㟁ࣝ࢖ࢥ㸪㟁☢⏺ඹ㬆ࢆࢻ࣮ࣝ࢕ࣇᣑ኱ࡿࡍ

ᚄ5cm㸪⥺ᚄ2mm༙ࢆࣝ࢖ࢥඹ㬆ࡢࡘ2ࡢࡵࡓ ࣝ࢖ࢥࣉ࣮ࣝࡢ

ゎࢆࢻ࣮ࣝ࢕ࣇ㟁☢⏺ඹ㬆ࡓ࠸⏝ࢆࣝ࢖ࢥࣉ࣮ࣝࡢࡘ㸪4ࡋ࡜

ᯒࡿࡍ㸬ࢢࣥࢳࢵ࢖ࢫ࿘Ἴᩘࡿ࡞࡜㟁☢⏺ඹ㬆ࡢࢻ࣮ࣝ࢕ࣇ

ඹ㬆࿘Ἴᩘ10ࢆMHz 㸬㏦ཷ㸪ྲཱྀࡿࡍ᝿ᐃ࡟ 㟁㸪ඹ㬆ࡣࣝ࢖ࢥ㸪

⮬ᕫඹ᣺࿘Ἴᩘ9.96ࡀMHz ࡍタᐃࢆࢱࢩࣃࣕ࢟࡟࠺ࡼࡿ࡞࡜

ࡣࢫࣥࢱࢡࢲࣥ࢖ࡢࣝ࢖ࢥࣉ㸪࣮ࣝࡾࡼ㸬㟁☢⏺ゎᯒࡿ

240.8nH 㸬10MHzࡿ࡞࡜ ゎࢆࢻ࣮ࣝ࢕ࣇ㟁☢⏺ඹ㬆ࡿࡅ࠾࡟

ᯒࡓࡋ⤖ᯝࢆᅗ11ࡍ♧࡟㸬ゎᯒ࡛ࡣ㸪ᅗ11(a)ࡍ♧࡟ coil1࡟ධ

ฟຊࢆࢺ࣮࣏୚ࡿ࠼㸬coil1㹼4ࡣ㸪ࢀࡒࢀࡑ㞟୰ᐃᩘࡢ࡚ࡋ࡜

1060pFࢫࣥࢱࢩࣃࣕ࢟ 㛤ᨺࡣ⏺㸪እ㒊ቃࡋ࡜タᐃࡿࡍ⥆᥋ࢆ

ቃ⏺㸪ධฟຊࡢࢺ࣮࣏ᇶ‽࡚ࡋ࡜:50ࡣࢫࣥࢲ࣮ࣆࣥ࢖✚ศ

㊰ࢆタᐃ࡚ࡋゎᯒࡿࡍ㸬ᅗ11(b)ࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏ࡣ㸪

ᅗ11(c)ࡣ☢⏺ᙉᗘỈ‽㸪ᅗ11(d)ࡣ㟁⏺ᙉᗘ࡚ࡋ♧ࢆࣝࢺࢡ࣋

㸬ࡿࡁゎᯒ࡛ࡀࢀὶࡢ㟁ຊ࡛ࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏㸬ࡿ࠸

☢⏺ᙉᗘࡣ㸪ඹ㬆ࣝ࢖ࢥ㏆ഐ࡛኱ࡃࡁ㸪㟁☢⏺ඹ㬆࣮ࣝ࢕ࣇ

ࣕ࢟ࡅ㸪እ௜ࡣ㸬୍᪉㸪㟁⏺ᙉᗘࡿࡀᗈ࡟࠺ࡼࡿࡍᣑ኱ࢆࢻ

ࡾࡼ࡟ࣝ࢖ࢥඹ㬆࡚࠸࠾࡟㸬✵㛫ࡿ࡞ࡃࡁෆ㒊࡛኱ࡢࢱࢩࣃ

㟁☢⏺ඹ㬆ࡀࢻ࣮ࣝ࢕ࣇᣑ኱ࡿࢀࡉ♧ࡀ࡜ࡇࡿࡍ㸬 

5. 㟁☢⏺ඹ㬆ࡢࢻ࣮ࣝ࢕ࣇᐇドᐇ㦂 

ᐇタィ࡛ࡣ㸪㏦㟁ࡾࡼ࡟ࣝ࢖ࢥⓎ⏕ࡓࡋ☢᮰ཷࡀ㟁ࣝ࢖ࢥ

Ẽ⤖ྜಀᩘ☢ࡍ⾲ࢆ๭ྜࡓࡋ㙐஺࡟ k ࢫࣞࣖ࢖㸪࡚࣡࠸⏝ࢆ

⤥㟁ࡢ࣒ࢸࢫࢩタィ[1]ࡿ࡞࡜⬟ྍࡣ㸬ඛ⾜◊✲ࡾࡼ࡟ᑟࡓ࠸

タィ⌮ㄽ㸦MRA㸪HRA㸪FRA ᡭἲ㸧࡟ᇶ࡙ࢫࣞࣖ࢖࡚࣡࠸⤥

㟁ࢆ࣒ࢸࢫࢩタィࡋ㸪ᐇドᐇ㦂࠺⾜ࢆ㸬እ௜ࡢࡅඹ᣺ࣃࣕ࢟

ࢭ୰㧗ᅽ✚ᒙࡢᮧ⏣〇సᡤ〇ࡿࢀඃ࡟㸪㧗࿘Ἴ≉ᛶࡣ࡟ࢱࢩ

࡛ࣝࣉࣥࢧヨస✲◊ࡢ〇࣒㸪࣮ࣟ࠸⏝ࢆࢧࣥࢹࣥࢥࢡࢵ࣑ࣛ

ᆺࣇ࣐࣮࢜ࣝࣀࡢ GaN FET 㸬༙ࡿ࠸⏝ࢆ ᚄ5cm 㟁ཷ࡜㏦㟁ࡢ

㸪ධຊ㟁ᅽVi = 60V㸪㈇ⲴRo= 50:㸪ࡏࡉ᥋㏆ࢆࣝ࢖ࢥࣉ࣮ࣝࡢ

࿘Ἴᩘࢢࣥࢳࢵ࢖ࢫ fs = 8.2MHz㸪౪⤥㟁ຊ74.9W 㸪࡚࠸࠾࡟

 㸬[4]ࡿࡍ㐩ᡂࢆ඲㟁ຊຠ⋡74.0%࣒ࢸࢫࢩ
୍౛࡚ࡋ࡜㟁☢⏺ඹ㬆ࡢࢻ࣮ࣝ࢕ࣇᐇドᐇ㦂ࢆᅗ12ࡍ♧࡟㸬

ኴ㝧㟁ụࡾࡼ࡟Ⓨ㟁ࡓࡋ┤ὶ㟁ᅽࢆ㏦㟁ࡋ㸪┤ὶ㟁ὶ࡟ኚ᥮

ࡢᩘ「࡚ࡋ LED ㏦㟁㸪ղࡢ㸬ձ┤ὶ�┤ὶࡿ࠸࡚ࡏࡉⅬⅉࢆ

」ᩘ㈇Ⲵࡢ࡬⤥㟁㸪ճ㟁☢⏺ඹ㬆ࡢࢻ࣮ࣝ࢕ࣇᣑ኱㸪մᵝࠎ

 㸬ࡿࡍᐇドࢆ⾡ᢏ࡞᭷ᮃࡢࡃ㸪ከ࡝࡞㟁⤥ࡢ࡬᪉ྥ࡞

 ࡵ࡜ࡲ .6

㟁☢⏺ඹ㬆ࡓ࠸⏝ࢆࢻ࣮ࣝ࢕ࣇ┤ὶඹ㬆᪉ᘧ࣡ࢫࣞࣖ࢖⤥

㟁ࢆ࣒ࢸࢫࢩᥦ᱌ࡓࡋ㸬┤ὶඹ㬆᪉ᘧࡣ㸪㟁Ẽ࡜㟁☢⏺ࡢ┤

᥋ⓗ࣮ࢠࣝࢿ࢚࡞ኚ᥮ࢆ┠ⓗࡓࡋ࡜᪂࣒ࢸࢫࢩ࠸ࡋᢏ⾡࡛࠶

ࡉ⏕Ⓨࢆඹ᣺㟁ὶࡽ࠿ὶ㟁ᅽ┤ࡾࡼ࡟⾡ᢏࢢࣥࢳࢵ࢖ࢫ㸬ࡿ

࢕ࣇ㟁☢⏺ඹ㬆ࡿࡍ᭷ࢆ࣮ࢠࣝࢿ࢚᣺ືࡀࡢࡶࡢࡑ㸪✵㛫ࡏ

✏㸬ᮏࡿࡍᣑ኱࡚ࡗࡼ࡟⏝஫స┦ࡢ⏺☢㸪㟁ࡋᙧᡂࢆࢻ࣮ࣝ

 㸬ࡿ࠸࡚ࡋ࡟࠿ࡽ᫂ࢆ㸪ḟ㡯ࡣ࡛
(1)� 㟁☢⏺ඹ㬆⤖ྜࡣ㸪⤖ྜಀᩘ k ஺ὶ᢬ᢠ࡜ Racࡢ㛵ᩘ࡞࡜

౯ᐃᩘ➼ࡿ Le䠈Ce㸪Re࡚ࡗࡼ࡟㸪LCR ┤ิඹ᣺ᅇ㊰ࡋ࡜

࡚ゎᯒ࡛ࡿࡁ㸬 
(2)� 㟁☢⏺ඹ㬆ࡢ࡛ࢻ࣮ࣝ࢕ࣇ➼౯ᅇ㊰࡜㟁☢⏺ࢠࣝࢿ࢚ࡢ

࣮ᐦᗘࡢゎᯒ࣮ࢠࣝࢿ࢚ࡽ࠿ಖᏑ๎ࢆᑟࡓ࠸㸬 
(3)� ✵㛫ࡿࡅ࠾࡟㟁ຊࡢὶࢆࣝࢺࢡ࣋ࢢࣥ࢕ࢸࣥ࢖࣏ࡣࢀ⏝

㸬ྲཱྀࡿࡁゎᯒ࡛࡚࠸ 㟁ࡃྥ࡟ࣝ࢖ࢥἲ⥺ᡂศࡣࣝࢺࢡ࣋㸪

᭷ຠ㟁ຊࡢὶࡋ♧ࢆࢀ㸪ࣝ࢖ࢥᚄ࡟ἢࡓࡗᅇ㌿᪉ྥྥ࡟

 㸬ࡍ♧ࢆࢀὶࡢ㸪↓ຠ㟁ຊࡣࣝࢺࢡ࣋Ỉᖹᡂศࡃ
(4)� ⌮᝿ⓗ᭱࡞኱ఏ㏦ຠ⋡Ktr max࡜ᐇ⏝ⓗ࡞ఏ㏦ຠ⋡Ktrࡣ࡟㸪

≉ᛶ࡟኱࡞ࡁᕪ␗ࡿ࠶ࡀ㸬 
(5)� Femtet®࡚࠸⏝ࢆ㟁☢⏺ඹ㬆ࡢࢻ࣮ࣝ࢕ࣇᣑ኱ࢆゎᯒࡋ

ࢸࢫࢩ㸪࡚࠸࠾࡟㸪౪⤥㟁ຊ75Wࡣ㸬10MHz⣭ᐇ㦂࡛ࡓ

ࡓ࠸⏝ࢆࣝ࢖ࢥඹ㬆ࡢᩘ「㸬ࡿࡍ㐩ᡂࢆ㟁ຊຠ⋡74.0%࣒

㟁☢⏺ඹ㬆ࡢࢻ࣮ࣝ࢕ࣇᐇドᐇ㦂ࡾࡼ࡟㸪┤ὶඹ㬆ࢫࢩ

 㸬ࡓࡋ♧ࢆ࡜ࡇࡿ࠶࡛⾡᪂ᢏ࡞㸪⏬ᮇⓗ࡛᭷ຠࡣ࣒ࢸ
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Fig.12  Experiment of the direct-current-resonance system.

(a) Analysis model           (b) Poynting vector 

(c) Magnetic field level line     (d) Electric field vector 
Fig. 11  Analysis of an electromagnetic resonance field.
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