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͋Β·͠ ຊ࿦จͰ͸ɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨքڞ໐ܕແઢిྗ఻ૹγεςϜΛఏҊ͠ɼͦͷղ

ੳతઃํܭ๏Λࣔ͢ɽEڃΠϯόʔλΛૹిثɼEڃ੔ྲྀثΛडిثͱͯ͠༻͍ɼͦΕͧΕͰ Eڃಈ࡞৚݅Λୡ

੒͢Δ͜ͱͰɼઃ͞ܭΕͨγεςϜ͸ߴ఻ૹޮ཰Λୡ੒͢Δ͜ͱ͕Ͱ͖Δɽઃͨ͠ܭճ࿏ͷ PSpiceγϛϡϨʔ

γϣϯʹΑΓɼઃํܭ๏ͷଥ౰ੑΛࣔ͢ͱͱ΋ʹɼಈ࡞प೾਺ 5 MHzɼग़ྗిྗ 5 W, ίΠϧؒڑ཭ 30 cmʹ͓

͍ͯ 65.9 %ͷ఻ૹޮ཰Λୡ੒͢Δ͜ͱΛࣔ͢ɽ͞Βʹɼઃܭஈ֊ͰಘΒΕͨղੳࣜΛ༻͍ͯ఻ૹޮ཰Λಋग़͠ɼ

DC-DCߏ੒ͷແઢిྗ఻ૹγεςϜ͕ AC-ACߏ੒ͷγεςϜͱಉ༷ͷ఻ૹޮ཰Ͱٞ࿦Ͱ͖Δ͜ͱΛࣔ͢ɽ

Ωʔϫʔυ ࣓քڞ໐ɼE2 ڃ DC-DCίϯόʔλ, ղੳతઃܭɼEڃಈ࡞৚݅ɼ఻ૹޮ཰
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Abstract This paper presents a resonant inductive coupling wireless power transfer (RIC-WPT) system with

a class-E2 dc-dc converter along with its analytical design procedure. By using the class-E inverter as a trans-

mitter and the class-E rectifier as a receiver, the designed WPT system can achieve a high power-conversion

efficiency because of the class-E ZVS/ZDS conditions satisfied in both the inverter and the rectifier. By carrying

out the PSpice simulation of the design example, the validity of the design procedure is shown. In the simulation

results, the system achieved 65.9 % overall efficiency at 5 W (50 Ω) output power, coil distance 30 cm, and

5 MHz operating frequency. Additionally, the overall efficiency of the system is derived from the analytical

expressions. We show that the analytical expression of the efficiency of the DC-DC system is equal to that of

the AC-AC system.

Key words Inductive resonant coupling, class-E2 DC-DC converter, analytical design procedure, class-E

switching conditions, overall efficiency

1. ͸ ͡ Ί ʹ

ۙ೥ɼແઢిྗ఻ૹγεςϜ [1]- [7]ͷ͕ڀݚ੝ΜͰ͋Δɽ

࣓քڞ໐݁ܕ߹ [1], [2]͸ɼແઢిྗ఻ૹγεςϜͷҰͭͷ݁

߹ํ๏Ͱ͋Γɼిࣗؾಈं [3]΍ੜମΠϯϓϥϯτ [4]ͷແઢ

ॆిͳͲʹ͘޿Ԡ༻͞Ε࢝Ί͍ͯΔɽແઢిྗ఻ૹγεςϜ

߹఻ૹޮ཰ʢશମޮ཰ʣΛୡ੒͢ΔͨΊɼແઢ݁ߴ͍͓ͯʹ

෦ͰͷଛࣦΛݮΒ͢͜ͱ΋ॏཁͰ͋Δ͕ɼૹి͓ثΑͼडి

఻ૹߴΊΔ͜ͱ΋ॏཁͱͳΔɽߴ཰Λޮ׵Δిྗม͚͓ʹث

ޮ཰Λୡ੒͢ΔͨΊɼ[5]- [7]Ͱ͸ɼEڃΠϯόʔλ΋͘͠͸

DEڃΠϯόʔλΛૹిثͱͯ͠༻͍͍ͯΔɽEڃΠϯόʔ

λ͓Αͼ DEڃΠϯόʔλ͸ɼεΠονΦϯͷॠؒͷεΠο

— 1 —-23-

mitan_000
WPT2013-31(2014-01)

mitan_000
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

mitan_000




νిѹ͕ྵ (Zero Voltage Switching:ZVS) ͔ͭͦͷ͖܏΋

ྵ (Zero-derivative Switching:ZDS)ͱͳΔ Eڃಈ࡞৚݅Λ

ຬͨ͢͜ͱͰɼߴಈ࡞प೾਺Լʹ͓͍ͯྗిߴมޮ׵཰Λୡ

੒Ͱ͖Δɽ͔͠͠ͳ͕Βɼ[5]- [7]Ͱ͸, डిثɼ͢ͳΘͪ੔ྲྀ

Ε͍ͯͳ͍ɽγεςϜશମͱྀ͠͞ߟ཰͸ޮ׵มྗిߴͷث

ͯɼޮߴ཰Λୡ੒͢ΔͨΊʹ͸ɼΠϯόʔλ͚ͩͰ͸ͳ͘੔

཰Խ΋ॏཁͰ͋Δɽޮ׵มྗిߴͷثྲྀ

཰Λୡ੒Ͱ͖ΔDC-DCίϯόʔλͷҰͭʹɼޮ׵มྗిߴ

EڃΠϯόʔλͱ Eڃ੔ྲྀثͰߏ੒͞ΕΔ E2 ڃ DC-DCί

ϯόʔλ͕͋Δ [8]ɽΠϯόʔλͷεΠονΦϯ͓࣌Αͼ੔ྲྀ

ʹͷεΠονΦϑ࣌ث Eڃಈ࡞৚݅Λୡ੒͢Δ͜ͱͰɼߴಈ

཰Λୡ੒Ͱ͖Δɽ[9]ޮ׵มྗిߴ͍͓ͯʹप೾਺Լ࡞ Ͱ͸ɼ

E2 ڃ DC-DCίϯόʔλΛద༻࣓ͨ͠ܕ߹݁ؾແઢిྗ఻

ૹγεςϜͷ਺஋తઃ͕ࣔ͞ܭΕ͍ͯΔɽ͔͠͠ͳ͕Βɼઃ

తʹཧղͰ͖ΔղੳࣜʹΑΔ؍ಈΛ௚ڍͱͬͯճ࿏ͷʹऀܭ

ઃܭ΋ॏཁͰ͋Δɽ

ຊ࿦จͰ͸ɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨքڞ໐

๏Λࣔํܭແઢిྗ఻ૹγεςϜΛఏҊ͠ɼͦͷղੳతઃܕ

͢ɽEڃΠϯόʔλΛૹిثɼEڃ੔ྲྀثΛडిثͱͯ͠༻

͍ɼͦΕͧΕͰ Eڃಈ࡞৚݅Λୡ੒͢Δ͜ͱͰɼઃ͞ܭΕͨ

γεςϜ͸ߴ఻ૹޮ཰Λୡ੒͢Δ͜ͱ͕Ͱ͖Δɽઃͨ͠ܭճ

࿏ͷ PSpiceγϛϡϨʔγϣϯʹΑΓɼઃํܭ๏ͷଥ౰ੑΛ

ࣔ͢ͱͱ΋ʹɼಈ࡞प೾਺ 5 MHzɼग़ྗిྗ 5 W, ίΠϧؒ

཭ڑ 30 cmʹ͓͍ͯ 65.9 %ͷ఻ૹޮ཰Λୡ੒͢Δ͜ͱΛࣔ

͢ɽ͞Βʹɼઃܭஈ֊ͰಘΒΕͨղੳࣜΛ༻͍ͯ఻ૹޮ཰Λ

ಋग़͠ɼDC-DCߏ੒ͷແઢిྗ఻ૹγεςϜ͕ AC-ACߏ

੒ͷγεςϜͱಉ༷ͷ఻ૹޮ཰Ͱٞ࿦Ͱ͖Δ͜ͱΛࣔ͢ɽ

2. E2DC-DCίϯόʔλΛ༻͍ͨແઢిྗ఻

ૹγεςϜ

ਤ 1(a) ʹɼE ΠϯόʔλɼEڃ ɼ͓Αͼث੔ྲྀڃ 2 ͭͷ

੒͞ΕΔߏৼίΠϧͰڞ E2 ڃ DC-DCίϯόʔλΛ༻͍ͨ

ແઢిྗ఻ૹγεςϜΛࣔ͢ɽຊγεςϜ͸ɼEܕ໐ڞؾ࣓

Πϯόʔλͱڃ Eڃ੔ྲྀؾ࣓͕ثతʹ݁߹͍ͯ͠ΔͨΊ E2

ڃ DC-DCίϯόʔλͷ֦ு൛ͱ͑ߟΔ͜ͱ͕Ͱ͖ΔɽΠϯ

όʔλٴͼ੔ྲྀثʹ͓͍ͯ Eڃಈ࡞৚݅Λຬ଍͢Δ͜ͱͰɼ

γεςϜશମͷߴ఻ૹޮ཰Խ͕ظ଴Ͱ͖Δɽ

2. 1 EڃΠϯόʔλ

E ѹిڅڙΠϯόʔλ͸ɼ௚ྲྀڃ VDD, νϣʔΫίΠϧ

LC , εΠονͱͯ͠ಈ͢࡞Δ MOSFET S, γϟϯτΩϟύ

γλ CS , ͓ΑͼΠϯϐʔμϯεม׵ճ࿏ Xs −Xp ͔Βߏ੒

͞ΕΔ. Πϯϐʔμϯεม׵ճ࿏͸ɼૹిίΠϧ L1 Λڞৼ

ͤ͞ɼγϟϯτΩϟύγλΑΓӈଆͷෛՙΛ࠷దෛՙʹ͢Δ

ͱ͍͏ 2 ͭͷ໾ׂΛ༗͍ͯ͠Δɽຊ࿦จʹ͓͚Δɼ࠷దෛ

ՙͱ͍͏ͷ͸༩͑ΒΕͨిڅڙѹͰॴ๬ͷग़ྗిྗΛಘΔ

ͨΊͷෛՙͷ͜ͱΛ͏ݴɽΠϯόʔλͷεΠονɼ͢ͳΘͪ

MOSFET ͸ɼۦಈిѹ vg ʹΑΓεΠονΦϯɾΦϑΛߦ

͏. εΠονΦϑͷؒظͰ͸ɼνϣʔΫίΠϧʹྲྀΕΔిྲྀ

ͱڞৼճ࿏ʢΠϯϐʔμϯεม׵ճ࿏ʣʹྲྀΕΔిྲྀͷ͕ࠩ

γϟϯτΩϟύγλʹྲྀΕࠐΈɼͦͷిྲྀ͕εΠονిѹ vS

Xs I1

CS
vS

vg

VDD
S RL

CD Cf
Vo

Io

L2L1

Class-E inverter Resonant inductive coupling Class-E rectifier

Primary side Secondary side

LC

Ic

Lf

D

C2I2

M

(a)
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S
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I2

Vind

Zreq
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ਤ 1 ࣓քڞ໐ܕ E2 .ແઢిྗ఻ૹγεςϜڃ (a) γεςϜͷ֓ཁ

ਤ. (b) ౳Ձճ࿏ 1. (c) ౳Ձճ࿏ 2

0

0

0

0

0

0

ON OFF

vS
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vD

io
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ਤ 2 E2 ڃ DC-DC ίϯόʔλͷ೾ܗ.

Λൃੜͤ͞ΔɽE ͸ɼ࡞΋ॏཁͳಈ࠷͍͓ͯʹΠϯόʔλڃ

ਤ 2ͷ vS ʹࣔ͢Α͏ʹɼεΠονΦϯ࣌ʹ Eڃಈ࡞৚݅Λ

ຬ଍͢Δ͜ͱͰ͋ΔɽEڃಈ࡞৚݅͸ҎԼͷࣜͰද͞ݱΕΔɽ

vS(2π) = 0 and
dvS
dθ

∣∣
θ=2π

= 0, (1)

͜͜Ͱɼθ = ωt = 2πft͸֯࣌ؒͰ͋Γɼf ͸ಈ࡞प೾਺Ͱ

͋Δ. ͜ͷ Eڃಈ࡞৚݅Λຬ଍͢Δ͜ͱͰɼEڃΠϯόʔλ

͸ߴಈ࡞प೾਺Լʹ͓͍ͯྗిߴมޮ׵཰Λୡ੒Ͱ͖Δɽ௨

ৗɼEڃΠϯόʔλ͸ߴQ஋ͷڞৼճ࿏Λ࣋ͭͨΊɼૹిί

ΠϧʹྲྀΕΔిྲྀ i1 ͸ਤ 2 ʹࣔ͢Α͏ʹɼਖ਼ݭ೾ͱΈͳ͢

͜ͱ͕Ͱ͖Δɽ

2. 2 Eڃ੔ྲྀث

Eڃ੔ྲྀث͸ɼεΠονϯάૉࢠͱͯ͠μΠΦʔυDɼฒ

ྻΩϟύγλ CDɼϩʔύεϑΟϧλ Lf − Cf , ͓Αͼෛՙ

఍߅ RL ͔Βߏ੒͞ΕΔ. μΠΦʔυ͕൒೾੔ྲྀಈ࡞Λ͠ɼ

੔ྲྀ͞Εͨిѹ͕ϩʔύεϑΟϧλʹΑΓ௚ྲྀిѹʹม͞׵

ΕΔɽਤ 2ͷμΠΦʔυిѹ vD ʹࣔ͢Α͏ʹɼεΠονΦ

ϑ࣌ͷμΠΦʔυిѹ͕ྵ͔ͭͦͷ͖܏ʢdvD/dθʣ΋ྵͱ
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ͳΔ Eڃಈ࡞৚݅Λୡ੒͢Δ͜ͱͰɼྗిߴมޮ׵཰Λୡ੒

͢ΔɽEڃΠϯόʔλͱ Eڃ੔ྲྀثͷճ࿏ߏ੒ΛͯݟΘ͔Δ

Α͏ʹɼEڃ੔ྲྀثͷ೾ܗ͸ EڃΠϯόʔλͷ೾ܗΛ൓స͞

ͤͨ΋ͷͱ౳ՁͰ͋Δɽ

3. ղੳతઃܭखॱ

ຊষͰ͸ɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨڞؾ໐ܕ

ແઢిྗ఻ૹγεςϜͷղੳతઃܭखॱΛ঺հ͢ΔɽॳΊʹ

Eڃ੔ྲྀثͷઃܭΛ͍ߦɼͦͷޙɼडిثશମͱૹిίΠϧ

ΛΠϯόʔλͷෛՙʹ͓͚Δ౳ՁΠϯϐʔμϯεͱͯ͠දݱ

͢Δɽޙ࠷ʹɼEڃಈ࡞৚݅ٴͼɼ࠷దෛՙ৚݅Λຬͨ͢ E

ɽ͏ߦΛܭΠϯόʔλͷઃڃ

3. 1 ղੳͷԾఆ

ղੳ͸ҎԼͷԾఆʹ͏ߦ͍ͯͮجɽ

ʢ 1ʣ MOSFET͓ΑͼμΠΦʔυ͸ཧ૝తͳεΠονͱ

͢Δɽ͢ͳΘͪɼ੾Γସ͑࣌ؒ͸ྵɼΦϑ఍߅͸ແݶେ͔ͭ

Φϯ఍߅͸ྵͱ͢Δɽ

ʢ 2ʣ ೖྗిྲྀ͕ҰఆͱͳΔΑ͏νϣʔΫίΠϧ LC ͸े

෼େ͖͍΋ͷͱ͢Δɽ

ʢ 3ʣ ૹిίΠϧʹྲྀΕΔిྲྀ͕ਖ਼ݭ೾ͱͳΔΑ͏ɼڞৼ

ճ࿏ͷ Q஋͸े෼͍ߴ΋ͷͱ͢Δɽ

ʢ 4ʣ શͯͷडಈૉࢠ͸ઢܗಈ͢࡞Δɽ·ͨɼૹిɾडి

ίΠϧҎ֎ͷૉࢠͷدੜ఍߅͸ଘ͠ࡏͳ͍ɽ

ʢ 5ʣ ճ࿏͸ 0 <= θ <= 2π ͷؒظͰಈ͢࡞ΔɽMOSFET

͸ 0 <= θ < 2πDt ͰΦϯɼ2πDt <= θ < 2πͰΦϯͱ͢Δɽ͜

͜ͰɼDt ͸ɼMOSFETͷΦϯ࣌ൺ཰Ͱ͋Δɽ

3. 2 डిثͷઃܭ

ਤ 1(b) ͓Αͼ (c) ͷϞσϧΛ༻͍ͯडిثଆΛઃ͢ܭ

Δɽ[8]ΑΓ, ฒྻΩϟύγλ CD ͸ෛՙ఍߅ RL ͱμΠΦʔ

υͷΦϯ࣌ൺ཰ Dr ͷؔ਺ͱͯ͠ҎԼͷ͔ࣜΒٻ·Δɽ

CD=
1

2πωRL

{
1− cos(2πDr)− 2π2(1−Dr)

2

+
[2π(1−Dr) + sin(2πDr)]

2

1− cos(2πDr)

}
. (2)

ਤ 1(c)ʹࣔ͢Α͏ʹɼEڃ੔ྲྀث͸ɼΩϟύγλ Ci ͱ Ri

ͷ౳Ձճ࿏ͱͯ͑͠ߟΔ͜ͱ͕Ͱ͖Δ [8]ɽೖྗΩϟύγλϯ

ε Ci ͱೖྗ఍߅ Ri ͸ɼ

Ci=πCD

[
π(1−Dr) + sin(2πDr)−

1
4
sin(4πDr) cos(2φr)

−2π(1−Dr) · sinφ sin(2πDr − φr)

−1
2
sin(2φr) sin

2(2πDr)

]−1

, (3)

Ri = 2 ·RL · sin2 φr. (4)

ͱදΘͤΔɽ͜͜Ͱ φr ͸ೖྗిྲྀ I2 ͱμΠΦʔυిѹ vD

ͷҐ૬ࠩͰ͋Δɽφr ͸ҎԼͷࣜΑΓٻ·Δɽ

tanφr =
1− cos(2πDr)

2π(1−Dr) + sin(2πDr)
. (5)

C2 ͸ L2 ͓Αͼ Ci ͱڞৼ͢ΔͨΊͷΩϟύγλͰ͋Δ.

ͦͷͨΊ, C2 ͸ҎԼͷ͔ࣜΒٻ·Δɽ

C2 =
Ci

ω2L2Ci − 1
. (6)

ग़ྗిྲྀ Io ΑΓ, ੔ྲྀثͷೖྗిྲྀ I2 ͸ɼ

I2 =
Io√

2 sinφr

. (7)

ͱͳΔɽ༠ಋిѹ Vind ͷΠϯϐʔμϯε Zreq ͸ɼ

Zreq = RL2 +Ri + j

(
ωL2 −

1
ωC2

− 1
ωCi

)
, (8)

ͱͳΔɽڞৼঢ়ଶͰ͸ɼZreq ͷڏ਺෦͕ྵͱͳΔͨΊɼVind

͸ҎԼͷ͔ࣜΒٻ·Δɽ

Vind = I2 · (RL2 +Ri). (9)

3. 3 ૹిثͷઃܭ

Δ͜ͱ͕Ͱ͖ͨΊɼຊ࿦จͰ͑ߟ෦͸τϥϯεͱ߹݁ؾ࣓

͸ਤ 1(c) ʹࣔ͢τϥϯεͷ౳ՁϞσϧΛ͑ߟΔɽͦͷ౳Ձ

ϞσϧΑΓɼΠϯόʔλʹ͓͚ΔडిثͱૹిίΠϧΛؚΉ

౳ՁΠϯϐʔμϯε Zeq ͸ҎԼͷࣜͰදΘͤΔɽ

Zeq = Req +RL1 + jXeq, (10)

͜͜Ͱɼ

Req =
n2k2ω2L2

1(RL2 +Ri)

(RL2 +Ri)2 +

(
n2ωL1 −

C2 + Ci

ωC2Ci

)2 , (11)

Xeq=

k2ωL1

[
(RL2 +Ri)

2 − n2L1(C2 + Ci)
C2Ci

+

(
C2 + Ci

ωC2Ci

)2]

(RL2 +Ri)2 +

(
n2ωL1 −

C2 + Ci

ωC2Ci

)2

+ωL1(1− k2), (12)

Ͱ͋Γɼk ͸ L1 ͱ L2 ؒͷ݁߹܎਺ɼn =
√

L2/L1 Ͱ͋Δ.

ૹిίΠϧʹྲྀΕΔిྲྀ I1 ͸

I1 =
Vind

ωk
√
L1L2

. (13)

ͱͳΔɽ

Eڃಈ࡞৚݅ͱ࠷దෛՙΛຬ଍ͤ͞ΔͨΊɼZeq͸Πϯϐʔ

μϯεม׵ճ࿏Xs −Xp ʹΑΓɼZout = Ropt + jXopt ʹม

.ΕΔ͞׵ Zeq ͷ஋ʹΑΓɼXp ͱ Xs ͷૉܾ͕ࢠ·Δ. [10]

ΑΓɼRopt ͱ Xopt ͸ҎԼͷࣜͰٻ·Δɽ

Ropt =
2 sin2(πDt) sin

2(πDt + φt)V
2
DD

π2(1−Dt)2I21 (Req +RL1)
, (14)

Xopt=Ropt

{
2π2(1−Dt)

2 − 1 + 2 cosφt cos(2πDt + φt)

− cos 2(πDt + φt) · [cos(2πDt)− π(1−Dt) sin(2πDt)]

·{4 sin(πDt) cos(πDt + φt) sin(πDt + φt)

·[(1−Dt)π cos(πDt) + sin(πDt)]}−1, (15)

͜͜ͰɼDt ͸εΠονΦϯ࣌ൺ཰ɼφt ͸εΠονిѹ vS ͱ

ৼిྲྀڞ it ͱͷҐ૬ࠩͰ͋Δ. φt ͸ɼ
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tanφt =
cos(2πDt)− 1

2π(1−Dt) + sin(2πDt)
. (16)

ͱͳΔɽ

Zeq ͸ɼΠϯϐʔμϯεม׵ճ࿏ Xs −Xp ΑΓ Zout ʹม

.ΕΔ͞׵ Zout ͷ࣮਺෦͓Αͼڏ਺෦͸ͦΕͧΕɼ

Re[Zout] = Ropt =
(Req +RL1)X

2
p

(Req +RL1)2 + (Xeq +Xp)2
, (17)

Im[Zout] = Xopt

=
(Req +RL1)

2Xp +XpXeq(Xeq +Xp)
(Req +RL1)2 + (Xeq +Xp)2

+Xs. (18)

ͱͳΔɽ(17) ͱ (18) ΑΓ, Xp ͓Αͼ Xs ͸ҎԼͷࣜͰٻ

·Δɽ

Xp =
RoptXeq

Req +RL1 −Ropt
(19)

·

⎡

⎣1±

√

1 +
(Req +RL1 −Ropt)[(Req +RL1)

2 +X2
eq]

RoptX2
eq

⎤

⎦ ,

Xs = Xopt −
R2

eqXp +XpX
2
eq +X2

pXeq

R2
eq + (Xeq +Xp)2

. (20)

Xp͸ 2ͭͷղΛ࣋ͭͨΊɼ2λΠϓͷΠϯϐʔμϯεม׵ճ

࿏͕͑ߟΒΕΔ. ࣮૷ͷ؍఺͔Βద੾ͳํΛબͿ͜ͱͱ͢Δɽ

[10]ΑΓ, γϟϯτΩϟύγλϯε CS ͱνϣʔΫίΠϧ

ͷΠϯμΫλϯε LC ͸

CS=
1

ωπ2(1−Dt)Ropt
{2 sin(πDt) cos(πDt + φt)

· sin(πDt + φt)[(1−Dt)π cos(πDt) + sin(πDt)]} . (21)

LC =
Ropt

f

(
2π2

4
+ 1

)
. (22)

ͱͳΔɽ

4. ઃ ܭ ྫ

ຊষͰ͸ɼલষͷઃܭखॱʹ͍ͨͮجઃྫܭΛࣔ͢ɽઃܭ

प೾਺࡞ͱͯ͠ɼಈ༷࢓ f = 5 MHz, ѹిڅڙ VDD = 24 V,

ग़ྗిྗ Po = 5 W, ग़ྗ఍߅ RL = 50 Ω, εΠονٴͼ

μΠΦʔυͷΦϯ࣌ൺ཰ Dt = Dr = 0.5, ίΠϧؒڑ཭

dcoils = 30 cmΛ༩͑Δ. ϩʔύεϑΟϧλ Lf −Cf ͸Ϧϓ

ϧ͕े෼খ͘͞ͳΔΑ͏ʹɼͦΕͧΕ 100 µHɼ0.47 µFͱ

͢Δ. ·ͨɼૹిɾडిίΠϧ͸ιϨϊΠυίΠϧͱ͠ɼͦ

ΕΒͷઃ༷࢓ܭͱͯ͠ɼίΠϧͷ௚ܘ Dcoil = 30 cmɼίΠ

ϧͷ͞ߴ hcoil = 7 cmΛ༩͑Δ. ੜدΠϯμΫλϯεɼݾࣗ

఍߅ɼٴͼ݁߹܎਺͸ FEMγϛϡϨʔλʢଜాιϑτ΢Σ

Ξ:FemtetʣΛ༻͍ɼͦΕͧΕͷ݁ࢉܭՌ͸ L1 = 29.8 µH,

L2 = 29.8 µH, RL1 = 3.27 Ω, RL2 = 3.32 Ω, k = 0.0201

ͱͳͬͨɽશͯͷઃ͕༷࢓ܭಘΒΕͨͷͰɼલষͷઃܭखॱ

ʹैͬͯઃܭΛͨͬߦɽಘΒΕͨઃܭ஋Λද 1ʹࣔ͢.

ຊઃྫܭͰ͸ɼΠϯϐʔμϯεม׵ճ࿏ Xs −Xp ͸ҎԼ

ͷΑ͏ʹٻ·Δɽ

1) έʔε 1: Xp = −2113 and Xs = −1628.

2) έʔε 2: Xp = −601.6 and Xs = 1733.

ද 1 ઃ͓༷࢓ܭΑͼઃܭ஋

Analytical Simulated

LC 63.7 µH -

Lf 100.0 µH -

CS 127 pF -

CXS
19.6 pF -

CXP
15.1 pF -

C2 35.3 pF -

CD 202 pF -

Cf 0.47 µF -

RL 50.0 Ω -

L1 - 29.8 µH

L2 - 29.8 µH

k - 0.0201

rL1 - 3.27 Ω

rL2 - 3.32 Ω

f 5 MHz -

VDD 24.0 V -

Po 5.00 W 4.70 W

dcoils 30 cm -

η - 65.9 %
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ਤ 3 ઃྫܭͷ PSpice γϛϡϨʔγϣϯ೾ܗ.

E ৼճ࿏͕ඞཁͳͨΊɼૹిίڞΠϯόʔλʹ͸௚ྻڃ

Πϧͱ௚ྻʹΩϟύγλ͕઀ଓ͞ΕΔέʔε 1 Λબ୒͢Δɽ

XpͱXsͷૉࢠ஋͸ͦΕͧΕɼCXp = −1/ωXp = 15.1 pFɼ

CXs = −1/ωXs = 19.6 pFͰ͋Δ. ·ͨɼPSpiceγϛϡϨʔ

γϣϯͰ͸ɼMOSFETͱͯ͠VishayࣾͷSUD06N10-225Lɼ

μΠΦʔυͱͯ͠ STMicroelectronics ࣾͷ STTH3R02 Λ

༻͍ͨ.

ਤ 3ʹɼઃͨ͠ܭճ࿏ͷ PSpiceγϛϡϨʔγϣϯʹΑΔ

೾ܗΛࣔ͢ɽεΠονిѹ vS ͓ΑͼμΠΦʔυిѹ vD ͕

Eڃಈ࡞৚݅Λຬ଍͍ͯ͠Δ͜ͱ͕֬ೝͰ͖ɼ·ͨɼग़ྗి

ྗ͸ Po = 4.70 W ͱͳͬͨ. ͜ΕΒͷ݁ՌΑΓઃܭखॱͷ

ଥ౰ੑΛ֬ೝͰ͖Δɽ͞ΒʹɼγεςϜ͸ 5 MHzʹ͓͍ͯ

65.9 % ͷߴ఻ૹޮ཰Λୡ੒ͨ͠.

5. ղੳࣜʹΑΔ఻ૹޮ཰

ຊষͰ͸ɼ3ষͰಋग़ͨ͠ղੳࣜΛ༻͍ɼ఻ૹޮ཰Λಋग़

͢Δɽ

डిثଆͷిྗมޮ׵཰Λɼਤ 1(c) ͷϞσϧͰ͑ߟΔɽ
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ਤ 4 ෛՙ఍߅ RL ͱ఻ૹޮ཰ͷؔ܎.

L2ɼC2 ͓Αͼ Ci ৼ͍ͯ͠Δͱ͢Ε͹ɼZreqڞ͕ ͸࣮਺෦

Ri ͷΈͱͳΔɽ·ͨɼμΠΦʔυͷεΠονϯάଛࣦ͓Α

ͼಋ௨ଛࣦ͕ྵͱԾఆ͢Ε͹ɼͦͷ࣌ͷిྗมޮ׵཰͸ɼ

ηreq =
Ri

Ri +RL2

(23)

ͱͳΔɽ

ૹిثͷిྗมޮ׵཰͸ਤ 1(b)ͷϞσϧͰ͑ߟΔɽडిث

͓ΑͼૹిίΠϧΛؚΉ౳ՁΠϯμΫλϯε Leq(=Xeq/ω)

ৼ͠ɼMOSFETͷεΠονϯάଛࣦ͓Αͼಋ௨ଛࣦ͕ڞ͕

ྵͱԾఆ͢Ε͹ɼిྗมޮ׵཰͸ҎԼͷ͔ࣜΒٻ·Δɽ

ηinv =
Req

Req +RL1

(24)

݁Ռͱͯ͠ɼγεςϜશମͷޮ཰͸ɼ

ηall = ηinv · ηreq =
ReqRi

(Req +RL1)(Ri +RL2)
. (25)

ͱͳΔɽ

ਤ 4͸ɼԣ࣠ʹෛՙ఍߅ RL ΛͱΓɼͦΕͧΕͷෛՙ఍߅

Ͱ࠶ઃࡍͨ͠ܭͷ఻ૹޮ཰Λࣔͨ͠΋ͷͰ͋Δɽղੳࣜ (25)

͔ΒಘΒΕΔ఻ૹޮ཰͸ɼPSpice γϛϡϨʔγϣϯʹΑΓ

ಘΒΕΔ఻ૹޮ཰ͱྑ޷ͳҰகΛ͍ࣔͯ͠Δɽ·ͨɼਤ 4͔

ΒΘ͔ΔΑ͏ʹɼ఻ૹޮ཰͸ෛՙ఍߅ʹେ͖͘ґଘ͠ɼ఻ૹ

ޮ཰Λ࠷େԽ͢Δෛՙ఍͕߅ଘ͢ࡏΔ͜ͱ͕Θ͔Δɽ

͞Βʹɼ఻ૹޮ཰ (25)͸ɼਤ 5ʹࣔ͢ɼAC-ACߏ੒ʹ͓

͚Δ࣓քڞ໐ܕແઢిྗ఻ૹγεςϜͷ఻ૹޮ཰ͱ౳ՁͰ͋

Δɽ͢ͳΘͪɼຊ࿦จͰγεςϜͱͯ͠༻͍ͨ DC-DCߏ੒

ͷγεςϜͰ͋ͬͯ΋ɼAC-ACߏ੒ͷγεςϜͱಉ༷ͷٞ

࿦͕Ͱ͖Δ͜ͱΛ͍ࣔࠦͯ͠Δɽ

6. · ͱ Ί

ຊ࿦จͰ͸ɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨքڞ໐

๏Λࣔํܭແઢిྗ఻ૹγεςϜΛఏҊ͠ɼͦͷղੳతઃܕ

ͨ͠ɽEڃΠϯόʔλΛૹిثɼEڃ੔ྲྀثΛडిثͱͯ͠

༻͍ɼͦΕͧΕͰ E ͞ܭ৚݅Λୡ੒͢Δ͜ͱͰɼઃ࡞ಈڃ

ΕͨγεςϜ͸ߴ఻ૹޮ཰Λୡ੒͢Δ͜ͱ͕Ͱ͖Δɽઃ͠ܭ

ͨճ࿏ͷ PSpiceγϛϡϨʔγϣϯʹΑΓɼઃํܭ๏ͷଥ౰

M

L2L1

RL2RL1

Ri

AC-AC system
C2C1

Vsource

VDD
RLL2L1

M

RL2 C2RL1C1

RectifierInverter

DC-DC system

ਤ 5 DC-DC γεςϜͱ AC-AC γεςϜͷ఻ૹޮ཰.

ੑΛࣔ͢ͱͱ΋ʹɼಈ࡞प೾਺ 5 MHzɼग़ྗిྗ 5 W, ί

Πϧؒڑ཭ 30 cm ʹ͓͍ͯ 65.9 % ͷ఻ૹޮ཰Λୡ੒͢Δ

͜ͱΛࣔͨ͠ɽ͞Βʹɼઃܭஈ֊ͰಘΒΕͨղੳࣜΛ༻͍ͯ

఻ૹޮ཰Λಋग़͠ɼDC-DCߏ੒ͷແઢిྗ఻ૹγεςϜ͕

AC-ACߏ੒ͷγεςϜͱಉ༷ͷ఻ૹޮ཰Ͱٞ࿦Ͱ͖Δ͜ͱ

Λࣔͨ͠ɽ

ँ ࣙ

ຊڀݚͷҰ෦͸ɼՊֶڀݚඅิॿۚ (No. 258797, No.
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