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͋Β·͠ ຊจͰɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨքڞ໐ܕແઢిྗૹγεςϜΛఏҊ͠ɼͦͷղ

ੳతઃํܭ๏Λࣔ͢ɽEڃΠϯόʔλΛૹిثɼEڃྲྀثΛडిثͱͯ͠༻͍ɼͦΕͧΕͰ Eڃಈ࡞݅Λୡ

͢Δ͜ͱͰɼઃ͞ܭΕͨγεςϜߴૹޮΛୡ͢Δ͜ͱ͕Ͱ͖Δɽઃͨ͠ܭճ࿏ͷ PSpiceγϛϡϨʔ

γϣϯʹΑΓɼઃํܭ๏ͷଥੑΛࣔ͢ͱͱʹɼಈ࡞प 5 MHzɼग़ྗిྗ 5 W, ίΠϧؒڑ 30 cmʹ͓

͍ͯ 65.9 %ͷૹޮΛୡ͢Δ͜ͱΛࣔ͢ɽ͞Βʹɼઃܭஈ֊ͰಘΒΕͨղੳࣜΛ༻͍ͯૹޮΛಋग़͠ɼ

DC-DCߏͷແઢిྗૹγεςϜ͕ AC-ACߏͷγεςϜͱಉ༷ͷૹޮͰٞͰ͖Δ͜ͱΛࣔ͢ɽ
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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

ۙɼແઢిྗૹγεςϜ [1]- [7]ͷ͕ڀݚΜͰ͋Δɽ

࣓քڞ໐݁ܕ߹ [1], [2]ɼແઢిྗૹγεςϜͷҰͭͷ݁

߹ํ๏Ͱ͋Γɼిࣗؾಈं [3]ੜମΠϯϓϥϯτ [4]ͷແઢ

ॆిͳͲʹ͘Ԡ༻͞Ε࢝Ί͍ͯΔɽແઢిྗૹγεςϜ

߹ૹޮʢશମޮʣΛୡ͢ΔͨΊɼແઢ݁ߴ͍͓ͯʹ

෦ͰͷଛࣦΛݮΒ͢͜ͱॏཁͰ͋Δ͕ɼૹి͓ثΑͼडి

ૹߴΊΔ͜ͱॏཁͱͳΔɽߴΛޮΔిྗม͚͓ʹث

ޮΛୡ͢ΔͨΊɼ[5]- [7]ͰɼEڃΠϯόʔλ͘͠

DEڃΠϯόʔλΛૹిثͱͯ͠༻͍͍ͯΔɽEڃΠϯόʔ

λ͓Αͼ DEڃΠϯόʔλɼεΠονΦϯͷॠؒͷεΠο
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νిѹ͕ྵ (Zero Voltage Switching:ZVS) ͔ͭͦͷ͖

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

ຬͨ͢͜ͱͰɼߴಈ࡞पԼʹ͓͍ͯྗిߴมޮΛୡ

Ͱ͖Δɽ͔͠͠ͳ͕Βɼ[5]- [7]Ͱ, डిثɼ͢ͳΘͪྲྀ

Ε͍ͯͳ͍ɽγεςϜશମͱྀ͠͞ߟޮมྗిߴͷث

ͯɼޮߴΛୡ͢ΔͨΊʹɼΠϯόʔλ͚ͩͰͳ͘

ԽॏཁͰ͋Δɽޮมྗిߴͷثྲྀ

ΛୡͰ͖ΔDC-DCίϯόʔλͷҰͭʹɼޮมྗిߴ

EڃΠϯόʔλͱ EڃྲྀثͰߏ͞ΕΔ E2 ڃ DC-DCί

ϯόʔλ͕͋Δ [8]ɽΠϯόʔλͷεΠονΦϯ͓࣌Αͼྲྀ

ʹ࣌ͷεΠονΦϑث Eڃಈ࡞݅Λୡ͢Δ͜ͱͰɼߴಈ

ΛୡͰ͖Δɽ[9]ޮมྗిߴ͍͓ͯʹपԼ࡞ Ͱɼ

E2 ڃ DC-DCίϯόʔλΛద༻࣓ͨ͠ܕ߹݁ؾແઢిྗ

ૹγεςϜͷతઃ͕ࣔ͞ܭΕ͍ͯΔɽ͔͠͠ͳ͕Βɼઃ

తʹཧղͰ͖ΔղੳࣜʹΑΔ؍ಈΛڍͱͬͯճ࿏ͷʹऀܭ

ઃܭॏཁͰ͋Δɽ

ຊจͰɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨքڞ໐

๏ΛࣔํܭແઢిྗૹγεςϜΛఏҊ͠ɼͦͷղੳతઃܕ

͢ɽEڃΠϯόʔλΛૹిثɼEڃྲྀثΛडిثͱͯ͠༻

͍ɼͦΕͧΕͰ Eڃಈ࡞݅Λୡ͢Δ͜ͱͰɼઃ͞ܭΕͨ

γεςϜߴૹޮΛୡ͢Δ͜ͱ͕Ͱ͖Δɽઃͨ͠ܭճ

࿏ͷ PSpiceγϛϡϨʔγϣϯʹΑΓɼઃํܭ๏ͷଥੑΛ

ࣔ͢ͱͱʹɼಈ࡞प 5 MHzɼग़ྗిྗ 5 W, ίΠϧؒ

ڑ 30 cmʹ͓͍ͯ 65.9 %ͷૹޮΛୡ͢Δ͜ͱΛࣔ

͢ɽ͞Βʹɼઃܭஈ֊ͰಘΒΕͨղੳࣜΛ༻͍ͯૹޮΛ

ಋग़͠ɼDC-DCߏͷແઢిྗૹγεςϜ͕ AC-ACߏ

ͷγεςϜͱಉ༷ͷૹޮͰٞͰ͖Δ͜ͱΛࣔ͢ɽ

2. E2DC-DCίϯόʔλΛ༻͍ͨແઢిྗ

ૹγεςϜ

ਤ 1(a) ʹɼE ΠϯόʔλɼEڃ ɼ͓Αͼثྲྀڃ 2 ͭͷ

͞ΕΔߏৼίΠϧͰڞ E2 ڃ DC-DCίϯόʔλΛ༻͍ͨ

ແઢిྗૹγεςϜΛࣔ͢ɽຊγεςϜɼEܕ໐ڞؾ࣓

Πϯόʔλͱڃ Eڃྲྀؾ࣓͕ثతʹ݁߹͍ͯ͠ΔͨΊ E2

ڃ DC-DCίϯόʔλͷ֦ு൛ͱ͑ߟΔ͜ͱ͕Ͱ͖ΔɽΠϯ

όʔλٴͼྲྀثʹ͓͍ͯ Eڃಈ࡞݅Λຬ͢Δ͜ͱͰɼ

γεςϜશମͷߴૹޮԽ͕ظͰ͖Δɽ

2. 1 EڃΠϯόʔλ

E ѹిڅڙΠϯόʔλɼྲྀڃ VDD, νϣʔΫίΠϧ

LC , εΠονͱͯ͠ಈ͢࡞Δ MOSFET S, γϟϯτΩϟύ

γλ CS , ͓ΑͼΠϯϐʔμϯεมճ࿏ Xs −Xp ͔Βߏ

͞ΕΔ. Πϯϐʔμϯεมճ࿏ɼૹిίΠϧ L1 Λڞৼ

ͤ͞ɼγϟϯτΩϟύγλΑΓӈଆͷෛՙΛ࠷దෛՙʹ͢Δ

ͱ͍͏ 2 ͭͷׂΛ༗͍ͯ͠Δɽຊจʹ͓͚Δɼ࠷దෛ

ՙͱ͍͏ͷ༩͑ΒΕͨిڅڙѹͰॴͷग़ྗిྗΛಘΔ

ͨΊͷෛՙͷ͜ͱΛ͏ݴɽΠϯόʔλͷεΠονɼ͢ͳΘͪ

MOSFET ɼۦಈిѹ vg ʹΑΓεΠονΦϯɾΦϑΛߦ

͏. εΠονΦϑͷؒظͰɼνϣʔΫίΠϧʹྲྀΕΔిྲྀ

ͱڞৼճ࿏ʢΠϯϐʔμϯεมճ࿏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
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(a)

(b)

Xp

I1
CS

vSVDD
S RL

CD Cf
Vo
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S
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(c)

Primary side Secondary side

Primary side Secondary side

Zsec

L2 C2
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ਤ 1 ࣓քڞ໐ܕ E2 .ແઢిྗૹγεςϜڃ (a) γεςϜͷ֓ཁ

ਤ. (b) Ձճ࿏ 1. (c) Ձճ࿏ 2

0

0

0

0

0

0

ON OFF
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ਤ 2 E2 ڃ DC-DC ίϯόʔλͷܗ.

Λൃੜͤ͞ΔɽE ɼ࡞ॏཁͳಈ࠷͍͓ͯʹΠϯόʔλڃ

ਤ 2ͷ vS ʹࣔ͢Α͏ʹɼεΠονΦϯ࣌ʹ Eڃಈ࡞݅Λ

ຬ͢Δ͜ͱͰ͋ΔɽEڃಈ࡞݅ҎԼͷࣜͰද͞ݱΕΔɽ

vS(2π) = 0 and
dvS
dθ

∣∣
θ=2π

= 0, (1)

͜͜Ͱɼθ = ωt = 2πft֯ؒ࣌Ͱ͋Γɼf ಈ࡞पͰ

͋Δ. ͜ͷ Eڃಈ࡞݅Λຬ͢Δ͜ͱͰɼEڃΠϯόʔλ

ߴಈ࡞पԼʹ͓͍ͯྗిߴมޮΛୡͰ͖Δɽ௨

ৗɼEڃΠϯόʔλߴQͷڞৼճ࿏Λͨͭ࣋Ίɼૹిί

ΠϧʹྲྀΕΔిྲྀ i1 ਤ 2 ʹࣔ͢Α͏ʹɼਖ਼ݭͱΈͳ͢

͜ͱ͕Ͱ͖Δɽ

2. 2 Eڃྲྀث

EڃྲྀثɼεΠονϯάૉࢠͱͯ͠μΠΦʔυDɼฒ

ྻΩϟύγλ CDɼϩʔύεϑΟϧλ Lf − Cf , ͓Αͼෛՙ

߅ RL ͔Βߏ͞ΕΔ. μΠΦʔυ͕ྲྀಈ࡞Λ͠ɼ

ྲྀ͞Εͨిѹ͕ϩʔύεϑΟϧλʹΑΓྲྀిѹʹม͞

ΕΔɽਤ 2ͷμΠΦʔυిѹ vD ʹࣔ͢Α͏ʹɼεΠονΦ

ϑ࣌ͷμΠΦʔυిѹ͕ྵ͔ͭͦͷ͖ʢdvD/dθʣྵͱ
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ͳΔ Eڃಈ࡞݅Λୡ͢Δ͜ͱͰɼྗిߴมޮΛୡ

͢ΔɽEڃΠϯόʔλͱ Eڃྲྀثͷճ࿏ߏΛͯݟΘ͔Δ

Α͏ʹɼEڃྲྀثͷܗ EڃΠϯόʔλͷܗΛస͞

ͤͨͷͱՁͰ͋Δɽ

3. ղੳతઃܭखॱ

ຊষͰɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨڞؾ໐ܕ

ແઢిྗૹγεςϜͷղੳతઃܭखॱΛհ͢ΔɽॳΊʹ

EڃྲྀثͷઃܭΛ͍ߦɼͦͷޙɼडిثશମͱૹిίΠϧ

ΛΠϯόʔλͷෛՙʹ͓͚ΔՁΠϯϐʔμϯεͱͯ͠දݱ

͢Δɽޙ࠷ʹɼEڃಈ࡞݅ٴͼɼ࠷దෛՙ݅Λຬͨ͢ E

ɽ͏ߦΛܭΠϯόʔλͷઃڃ

3. 1 ղੳͷԾఆ

ղੳҎԼͷԾఆʹ͏ߦ͍ͯͮجɽ

ʢ 1ʣ MOSFET͓ΑͼμΠΦʔυཧతͳεΠονͱ

͢Δɽ͢ͳΘͪɼΓସ͑ؒ࣌ྵɼΦϑ߅ແݶେ͔ͭ

Φϯ߅ྵͱ͢Δɽ

ʢ 2ʣ ೖྗిྲྀ͕ҰఆͱͳΔΑ͏νϣʔΫίΠϧ LC े

େ͖͍ͷͱ͢Δɽ

ʢ 3ʣ ૹిίΠϧʹྲྀΕΔిྲྀ͕ਖ਼ݭͱͳΔΑ͏ɼڞৼ

ճ࿏ͷ Qे͍ߴͷͱ͢Δɽ

ʢ 4ʣ શͯͷडಈૉࢠઢܗಈ͢࡞Δɽ·ͨɼૹిɾडి

ίΠϧҎ֎ͷૉࢠͷدੜ߅ଘ͠ࡏͳ͍ɽ

ʢ 5ʣ ճ࿏ 0 <= θ <= 2π ͷؒظͰಈ͢࡞ΔɽMOSFET

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

͜ͰɼDt ɼMOSFETͷΦϯ࣌ൺͰ͋Δɽ

3. 2 डిثͷઃܭ

ਤ 1(b) ͓Αͼ (c) ͷϞσϧΛ༻͍ͯडిثଆΛઃ͢ܭ

Δɽ[8]ΑΓ, ฒྻΩϟύγλ CD ෛՙ߅ RL ͱμΠΦʔ

υͷΦϯ࣌ൺ Dr ͷؔͱͯ͠ҎԼͷ͔ࣜΒٻ·Δɽ

CD=
1

2πωRL

{
1− cos(2πDr)− 2π2(1−Dr)

2

+
[2π(1−Dr) + sin(2πDr)]

2

1− cos(2πDr)

}
. (2)

ਤ 1(c)ʹࣔ͢Α͏ʹɼEڃྲྀثɼΩϟύγλ Ci ͱ Ri

ͷՁճ࿏ͱͯ͑͠ߟΔ͜ͱ͕Ͱ͖Δ [8]ɽೖྗΩϟύγλϯ

ε Ci ͱೖྗ߅ 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)

ͱͳΔɽڞৼঢ়ଶͰɼZreq ͷڏ෦͕ྵͱͳΔͨΊɼVind

ҎԼͷ͔ࣜΒٻ·Δɽ

Vind = I2 · (RL2 +Ri). (9)

3. 3 ૹిثͷઃܭ

Δ͜ͱ͕Ͱ͖ͨΊɼຊจͰ͑ߟ෦τϥϯεͱ߹݁ؾ࣓

ਤ 1(c) ʹࣔ͢τϥϯεͷՁϞσϧΛ͑ߟΔɽͦͷՁ

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࠷దෛՙΛຬͤ͞ΔͨΊɼZeqΠϯϐʔ

μϯεมճ࿏Xs −Xp ʹΑΓɼZout = Ropt + jXopt ʹม

.ΕΔ͞ Zeq ͷʹΑΓɼXp 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 εΠονΦϯ࣌ൺɼφt εΠονిѹ vS ͱ

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

2π(1−Dt) + sin(2πDt)
. (16)

ͱͳΔɽ

Zeq ɼΠϯϐʔμϯεมճ࿏ Xs −Xp ΑΓ Zout ʹม

.ΕΔ͞ Zout ͷ࣮෦͓Αͼڏ෦ͦΕͧΕɼ

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 2ͭͷղΛͨͭ࣋Ίɼ2λΠϓͷΠϯϐʔμϯεมճ

࿏͕͑ߟΒΕΔ. ࣮ͷ؍͔ΒదͳํΛબͿ͜ͱͱ͢Δɽ

[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 ྫ

ຊষͰɼલষͷઃܭखॱʹ͍ͨͮجઃྫܭΛࣔ͢ɽઃܭ

प࡞ͱͯ͠ɼಈ༷ f = 5 MHz, ѹిڅڙ VDD = 24 V,

ग़ྗిྗ Po = 5 W, ग़ྗ߅ RL = 50 Ω, εΠονٴͼ

μΠΦʔυͷΦϯ࣌ൺ Dt = Dr = 0.5, ίΠϧؒڑ

dcoils = 30 cmΛ༩͑Δ. ϩʔύεϑΟϧλ Lf −Cf Ϧϓ

ϧ͕ेখ͘͞ͳΔΑ͏ʹɼͦΕͧΕ 100 µHɼ0.47 µFͱ

͢Δ. ·ͨɼૹిɾडిίΠϧιϨϊΠυίΠϧͱ͠ɼͦ

ΕΒͷઃ༷ܭͱͯ͠ɼίΠϧͷܘ Dcoil = 30 cmɼίΠ

ϧͷ͞ߴ hcoil = 7 cmΛ༩͑Δ. ੜدΠϯμΫλϯεɼݾࣗ

߅ɼٴͼ݁߹ FEMγϛϡϨʔλʢଜాιϑτΣ

Ξ:FemtetʣΛ༻͍ɼͦΕͧΕͷ݁ࢉܭՌ L1 = 29.8 µH,

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

ͱͳͬͨɽશͯͷઃ͕༷ܭಘΒΕͨͷͰɼલষͷઃܭखॱ

ʹैͬͯઃܭΛͨͬߦɽಘΒΕͨઃܭΛද 1ʹࣔ͢.

ຊઃྫܭͰɼΠϯϐʔμϯεมճ࿏ 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 γϛϡϨʔγϣϯܗ.

E ৼճ࿏͕ඞཁͳͨΊɼૹిίڞΠϯόʔλʹྻڃ

ΠϧͱྻʹΩϟύγλ͕ଓ͞ΕΔέʔε 1 Λબ͢Δɽ

XpͱXsͷૉࢠͦΕͧΕɼCXp = −1/ωXp = 15.1 pFɼ

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

γϣϯͰɼMOSFETͱͯ͠VishayࣾͷSUD06N10-225Lɼ

μΠΦʔυͱͯ͠ STMicroelectronics ࣾͷ STTH3R02 Λ

༻͍ͨ.

ਤ 3ʹɼઃͨ͠ܭճ࿏ͷ PSpiceγϛϡϨʔγϣϯʹΑΔ

ܗΛࣔ͢ɽεΠονిѹ vS ͓ΑͼμΠΦʔυిѹ vD ͕

Eڃಈ࡞݅Λຬ͍ͯ͠Δ͜ͱ͕֬ೝͰ͖ɼ·ͨɼग़ྗి

ྗ Po = 4.70 W ͱͳͬͨ. ͜ΕΒͷ݁ՌΑΓઃܭखॱͷ

ଥੑΛ֬ೝͰ͖Δɽ͞ΒʹɼγεςϜ 5 MHzʹ͓͍ͯ

65.9 % ͷߴૹޮΛୡͨ͠.

5. ղੳࣜʹΑΔૹޮ

ຊষͰɼ3ষͰಋग़ͨ͠ղੳࣜΛ༻͍ɼૹޮΛಋग़

͢Δɽ

डిثଆͷిྗมޮΛɼਤ 1(c) ͷϞσϧͰ͑ߟΔɽ
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ਤ 4 ෛՙ߅ RL ͱૹޮͷؔ.

L2ɼC2 ͓Αͼ Ci ৼ͍ͯ͠Δͱ͢ΕɼZreqڞ͕ ࣮෦

Ri ͷΈͱͳΔɽ·ͨɼμΠΦʔυͷεΠονϯάଛࣦ͓Α

ͼಋ௨ଛࣦ͕ྵͱԾఆ͢Εɼͦͷ࣌ͷిྗมޮɼ

ηreq =
Ri

Ri +RL2

(23)

ͱͳΔɽ

ૹిثͷిྗมޮਤ 1(b)ͷϞσϧͰ͑ߟΔɽडిث

͓ΑͼૹిίΠϧΛؚΉՁΠϯμΫλϯε Leq(=Xeq/ω)

ৼ͠ɼMOSFETͷεΠονϯάଛࣦ͓Αͼಋ௨ଛࣦ͕ڞ͕

ྵͱԾఆ͢ΕɼిྗมޮҎԼͷ͔ࣜΒٻ·Δɽ

ηinv =
Req

Req +RL1

(24)

݁Ռͱͯ͠ɼγεςϜશମͷޮɼ

ηall = ηinv · ηreq =
ReqRi

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

ͱͳΔɽ

ਤ 4ɼԣ࣠ʹෛՙ߅ RL ΛͱΓɼͦΕͧΕͷෛՙ߅

Ͱ࠶ઃࡍͨ͠ܭͷૹޮΛࣔͨ͠ͷͰ͋Δɽղੳࣜ (25)

͔ΒಘΒΕΔૹޮɼPSpice γϛϡϨʔγϣϯʹΑΓ

ಘΒΕΔૹޮͱྑͳҰகΛ͍ࣔͯ͠Δɽ·ͨɼਤ 4͔

ΒΘ͔ΔΑ͏ʹɼૹޮෛՙ߅ʹେ͖͘ґଘ͠ɼૹ

ޮΛ࠷େԽ͢Δෛՙ͕߅ଘ͢ࡏΔ͜ͱ͕Θ͔Δɽ

͞Βʹɼૹޮ (25)ɼਤ 5ʹࣔ͢ɼAC-ACߏʹ͓

͚Δ࣓քڞ໐ܕແઢిྗૹγεςϜͷૹޮͱՁͰ͋

Δɽ͢ͳΘͪɼຊจͰγεςϜͱͯ͠༻͍ͨ DC-DCߏ

ͷγεςϜͰ͋ͬͯɼAC-ACߏͷγεςϜͱಉ༷ͷٞ

͕Ͱ͖Δ͜ͱΛ͍ࣔࠦͯ͠Δɽ

6. · ͱ Ί

ຊจͰɼE2 ڃ DC-DCίϯόʔλΛ༻͍࣓ͨքڞ໐

๏ΛࣔํܭແઢిྗૹγεςϜΛఏҊ͠ɼͦͷղੳతઃܕ

ͨ͠ɽEڃΠϯόʔλΛૹిثɼEڃྲྀثΛडిثͱͯ͠

༻͍ɼͦΕͧΕͰ E ͞ܭ݅Λୡ͢Δ͜ͱͰɼઃ࡞ಈڃ

ΕͨγεςϜߴૹޮΛୡ͢Δ͜ͱ͕Ͱ͖Δɽઃ͠ܭ

ͨ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 γεςϜͷૹޮ.

ੑΛࣔ͢ͱͱʹɼಈ࡞प 5 MHzɼग़ྗిྗ 5 W, ί

Πϧؒڑ 30 cm ʹ͓͍ͯ 65.9 % ͷૹޮΛୡ͢Δ

͜ͱΛࣔͨ͠ɽ͞Βʹɼઃܭஈ֊ͰಘΒΕͨղੳࣜΛ༻͍ͯ

ૹޮΛಋग़͠ɼDC-DCߏͷແઢిྗૹγεςϜ͕

AC-ACߏͷγεςϜͱಉ༷ͷૹޮͰٞͰ͖Δ͜ͱ

Λࣔͨ͠ɽ

ँ ࣙ

ຊڀݚͷҰ෦ɼՊֶڀݚඅิॿۚ (No. 258797, No.

23760253)ɼςϨίϜઌٕज़ࢧڀݚԉηϯλʔͷิॿΛड

.ΘΕͨߦ͚ͯ ͜͜ʹਂँͷҙΛද͢Δ.
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