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Abstract  We advocate high-frequency power electronics as a new interdisciplinary technical field. We expect wireless power transfer  
technology. We present a novel design theory using coupling coefficient for the ZVS resonant wireless power transfer. We study the system 
design when for two coils a distance, a position, and an angle change. We analyze the system characteristics from the both sides of a time 
domain and a frequency domain by use of a multi-resonance analysis (MRA), a harmonic resonance analysis (HRA), and a F-parameter 
resonance analysis (FRA). In the 10MHz-class operation experiment, we use two simple loop coils and GaN FETs. We’ve achieved 74.9W of 
the transmission power, and 74.0% of the total power efficiency. We prove our proposed switching system is high efficiency system. 
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Fig. 1  High-frequency power electronics. 
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Fig. 2  A novel switching wireless power transfer system. 

Fig. 3  Multi-resonant ZVS wireless power transfer system 
using electromagnetic field resonant coupling coils.

18



 

�

૞ࠍⴕ޿บᒻᵄ㔚࿶ߪ⋥ᵹ㔚࿶voߦᄌ឵ࠆࠇߐ㧚㔚ᵹid3㧘id4

หᦼᢛᵹᛛߚ޿↪ࠍ㧚FETࠆߥߣᱜᒏᵄߩඨᵄ߷߶ߪᵄᒻߩ

ⴚࠅࠃߦᢛᵹ៊ᄬࠍૐᷫࠆߔ㧚 
ߣዉᕈ⺃ߪࠬࡦ࠳࡯ࡇࡦ౉ജࠗߚ⷗ࠄ߆〝࿁ࠣࡦ࠴࠶ࠗࠬ

ߞࠃߦ㔚ᵹࠇㆃߡ޿߅ߦtdࡓࠗ࠲࠼࠶࠺㧚ࠆߔ⸘⸳ߦ߁ࠃࠆߥ

࠼࠶࠺㧚ࠆߔૐᷫࠍᄬ៊ࠣࡦ࠴࠶㧘ࠬࠗߒታ⃻ࠍZVSേ૞ߡ

㧘ᤨߊߒ߹ᅢ߇ᦨዊ୯ߥᔅⷐߦ㧘ZVSേ૞ߪtdࡓࠗ࠲ Ყ₸D㧔D= 
ton/Ts㧘0<D<1㧕ߪ㧘0.5ߦㄭࠆߌߠ㧚㔚ജߩ೙ᓮ࠴࠶ࠗࠬߪߦ

PFM㧔Pulse Frequency Modulation㧕೙ࠆߔᢛ⺞ࠍ๟ᵄᢙfsࠣࡦ

ᓮ߇ㆡ↪ࠆ߈ߢ㧚 
4.2� Ᏹᓸಽ⁁ᘒᣇ⒟ᑼࠆࠃߦ࿁〝⸃ᨆ 
ㅍ㔚஥ߣฃ㔚஥ߩ㔚ᵹߩ૏⋧Ꮕߦᔕߡߓ㧘1ࠬࠗࠣࡦ࠴࠶๟

ᦼTsߡ޿߅ߦ⴫1ߩߟ6ߦ߁ࠃߩ⁁ᘒ߇⠨ࠆࠇࠄ߃㧚⸃ᨆߪߢ㧘

ㅍ㔚஥ߣฃ㔚஥ߩ౒ᝄࠦࠗߊߒ╬ߪ࡞Lp= Ls㧘Cr= Crs㧘Ri= Ris

੕⋦ߣLrࠬࡦ࠲ࠢ࠳ࡦࠗࠇṳߡ޿↪ࠍ㧚⏛᳇⚿วଥᢙkࠆߔߣ

 㧚ࠆࠇߐࠊ⴫ߢᰴᑼߪLmࠬࡦ࠲ࠢ࠳ࡦࠗ
pmpr kLLLkL  � ,)1(  (1) 

⴫1ߔ␜ߦ౉ജ㔚࿶vieߣ಴ജ㔚࿶vioߡ޿↪ࠍ㧘⚿วଥᢙkࠍ
 㧚ࠆᓧࠍ㧘ᰴᑼࠇߐ⴫ߢ࿑5ߪ〝ଔ࿁╬ࠣࡦ࠴࠶ࠗࠬߡ޿↪

³ ����
�

 })1(1{
)(

dt
di

LkiRdti
Cdt

iid
kLv r

prir
r

rsr
pie  (2) 

³ ���� 
�

})1(1{
)(

dt
di

LkiRdti
C

v
dt

iid
kL rs

prsirs
r

oe
rsr

p (3) 

⴫1ߩߢࡓࠗ࠲࠼࠶࠺ߔ␜ߦ㔚࿶viedߪ㧘ࠬࠗ࠴࠶⚛ሶQ1㧘

Q2ߩ಴ജኈ㊂ࠍCdsߡߒߣᰴᑼߢ⴫ࠆࠇߐ㧚 

)2/(2/ dsridie CdtiVv ³�  (4) 

4.3� ᦨㆡZVSേ૞ 
ZVSേ૞ߪߦ߼ߚߩ㧘౒ᝄ࿁〝ࠍࠬࡦ࠳࡯ࡇࡦࠗߩ⺃ዉᕈ

಴ജኈ㊂Cds1㧘ߩFETߦࡓࠗ࠲࠼࠶࠺㧘ߒᚑ↢ࠍ㔚ᵹࠇㆃߡߒߦ

Cds2ߩల᡼㔚ࠍⴕ޿ォᵹࠆߖߐ㧚㔚࿶0߇Vࠆߥߣ⁁ᘒ࡯࠲ߢ

㧚ࠆߔૐᷫࠍᄬ៊ࡦࠝࡦ࡯࠲㧘ߒታ⃻ࠍZVSേ૞ߡߒࡦࠝࡦ

࿑4ߦ߁ࠃߩFET Q1ᤨࠆߔࡈࠝ߇ೞt2㧘㔚ᵹir(t)0߇Aᤨࠆߥߣ

ೞt3㧘ࡓࠗ࠲࠼࠶࠺tdࠅࠃ㧘ZVSേ૞ߩ᧦ઙᑼߪᰴᑼࠆߥߣ㧚 

³ t
3

2

2)(
t

t
idsr VCdtti 㧘 23 tttd �d  (5) 

਄⸥2ߩߟ╬ภ߇ᚑ┙ߪ߈ߣࠆߔᦨㆡZVSേ૞ࠆߥߣ㧚ᦨዊ

࠶㧚ࠬࠗࠆߔૐᷫࠍᄬ៊ࡈࠝߡߒࡈࠝࡦ࡯࠲ࠍFETߢ㔚ᵹߩ

 㧚ࠆߥߣᦨዊߡࠇߐૐᷫ߇ਔᣇߩࡈࠝߣࡦࠝߪᄬ៊ࠣࡦ࠴
4.4� ౒ᓎⶄ⚛ᢙᩮࠆࠃߦ౒ᝄ๟ᵄᢙߩ⸃ᨆ 

౒ᝄࠦࠗߩ࡞⥄Ꮖ౒ᝄ๟ᵄᢙfrߪ㧘ࠆߥߣ0߇ࠬࡦ࠲ࠢࠕ࡝

౒ᝄ᧦ઙࠇࠄ߼᳞ࠅࠃ㧘Ri=0ߩ႐วߪᰴᑼࠆߥߣ㧚 

)2/(1
2 rp

r
r CLf S

S
Z

   (6) 

ᑼ(2)㧘(3)ߡߦ౒ᓎⶄ⚛ᢙᩮࠆߥߣ႐วߪ㧘㔚ᵹirᷫߪ⴮ᝄ

േࠆߥߣ㧚Ri=0ߪߢ౒ᝄ๟ᵄᢙfr1㧘fr2 ( fr1 < fr2 )ߪᰴᑼࠆߥߣ㧚 

kffkff rrrr � � 1/,1/ 21  (7) 
ᦝߦ⚿วଥᢙkߣ࿁〝ߩ࿕᦭౒ᝄ๟ᵄᢙfrߪᰴᑼߢ⴫ࠆࠇߐ㧚 

2
2

2
1

2
1

2
2

2
2

2
2

21 ,
2

rr

rr

rr

rr
r

ff

ff
k

ff

ff
f

�

�
 

�
  (8) 

4.5� ౒ᓎⶄ⚛ᢙᩮߩ⸃ᨆ 
ᑼ(6)ࠆࠇߐ␜ߢ౒ᝄ๟ᵄᢙfr1㧘fr2ߩㄭறߪߢ㧘࿁〝ࠗࡇࡦ

㧚ࠪࠆ߈ߢ߇ߣߎߔߥ⷗ߣ〝LCR⋥೉࿁ߦ⊛ㄭૃߪࠬࡦ࠳࡯

↪ࠍLe㧘Ce㧘Reߡߒߣቯᢙߥ⊛㧘╬ଔ߼ߚࠆߔᨆ⸂ߦ࡞ࡊࡦ

⩄㔚ߩ࠲ࠪࡄࡖir(t)㧘ࠠࠍVi㧘㔚ᵹࠍᝄ᏷ߩ㧘ᣇᒻᵄ㔚࿶Ḯ޿

 㧚ࠆߥߣᰴᑼߪᓸಽ࿁〝ᣇ⒟ᑼߩߢᦼ㑆ࡦ㧚ࠝࠆߔߣqe(t)ࠍ

e
e

ee V
C
q

dt
dq

R
dt

qd
L  ��

2
 (9) 

㔚ᵹir(t)ߣ㔚⩄qe(t)ߩೋᦼ୯ࠍir0㧘qe0ߡߒߣᰴᑼࠍᓧࠆ㧚 

ie
r

iee
t

e VC
tit

tVCqetq ���� � }sinh)0()sinh)(cosh)0({()(
J

J
J
JDJD (10) 

}sinh})0({)sinh{(cosh)( 2
0 J

JZ
J
JDJD t

VCq
t

teti iee
t

r ��� �  (11) 

e

e

e
ee

ee
e

e

e

C
L

R
Q

CLL
R 1,,1,
2

222  �   ZDJZD  (12) 

౒ᝄߩ㍈ߐQeࠅࠃߦᰴߩߟ3ߩ႐วߦಽࠆ߈ߢ߇ߣߎࠆߌ㧚 
(a) Qe>0.5ߩ႐วߪ㧘Ze>Dࠅߥߣᝄേ⊛ߥਇ⿷೙േࠆߥߣ㧚J
 㧚ࠆߥߣᰴᑼߡߒߣ㧘J� �jEࠅߥߣᢙ⯯ߪ

ttjt EEJ coscoshcosh   㧘 EEJJ /sin/sinh tt   (13) 
(b) Qe=0.5ߩ႐วߪ㧘Ze=Dߥ⊛⇇⥃ࠅߥߣ೙േࠆߥߣ㧚Jߪታ

ᢙࠅߥߣ㧘ᰴᑼࠆߥߣ㧚 
0 J 㧘 tt  JJ /sinh  (14) 

(c) Qe<0.5ߩ႐วߪ㧘Ze<Dࠅߥߣ㧘㕖ᝄേ⊛ߥㆊ೙േࠆߥߣ㧚

Jߪታᢙࠅߥߣ㧘D�>Jࠆߥߣ�㧚 
౒㡆ᣇᑼߡߦߤߥ㧘㔚ᵹᝄ᏷ࠍᄢߡߒߊ߈㔚ജࠍવㅍࠆߔ

႐วߪ(a)ᝄേ⊛ߒߣ㧘㔚ᵹᝄ᏷ࠍᛥ೙ߡߒታല㔚ᵹࠍૐᷫߒ

 㧚ࠆߔ⸘⸳ࠍ〝࿁ߡߒߣ⊛㧘(c)㕖ᝄേߪߦࠆߔવㅍࠍ㔚ജߡ

5.� ๟ᵄᢙ㗔ၞ⸃ᨆࠆࠃߦ౒㡆⚿วߩ⛔৻⊛⸃ᨆ 
5.1� 㔚ജવㅍߩࠬࠗࡃ࠺Femtet®ࠆࠃߦ⸃ᨆ 

㔚ജવㅍࠆߥߣࠬࠗࡃ࠺ㅍ㔚ࠦࠗ࡞npߣฃ㔚ࠦࠗ࡞nsߪ㧘⥄

Ꮖࠗࠬࡦ࠲ࠢ࠳ࡦLpߣᶋㆆኈ㊂Cp߇౒㡆േ૞ߦ㑐ਈࠆߔ౒ᝄ

 
Fig. 4  Switching waveforms. 

Table 1  Equivalent input voltage vie and output voltage voe 
no state vie vio 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 off on
5 deadtime 1 vied vo off off on off
6 deadtime 2 vied 0 off off off on

 

Fig. 5  Equivalent circuit with coupling coefficient k.
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(a) Magnetic field analysis         (b) Electric field analysis 
Fig.6  Electromagnetic field analysis near two resonant coils. 
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Fig.7  Coupling coefficient k for two resonant coils.
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Fig. 8  Impedance characteristics of a resonant coil. 
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Fig. 9  Impedance characteristics of a resonant coil with 30pF. 

Fig. 10  Multi-resonant circuit. 

20



 

�

ᛶ᛫Ro=50:ߡߒߣ〒㔌dx10ࠍ㨪��cmߣᄌൻߚߖߐ႐วࠍ⸃

ᨆࠆߔ㧚ᑼ(23)ࠅࠃ㧘౉ജࠗࠬࡦ࠳࡯ࡇࡦZallߦኻࠆߔታㇱߩ

ࠇߘࠍ๟ᵄᢙ․ᕈߩImࠬࡦ࠲ࠢࠕ࡝ߩㇱ⯯ߣRreࠬࡦ࠲ࠬࠫ࡟

࿕ߩ〝㧘ⶄ౒ᝄ࿁ߪRreࠬࡦ࠲ࠬࠫ࡟㧚ߔ␜ߦ࿑11(a)㧘(b)ࠇߙ

᦭౒ᝄ๟ᵄᢙfrઃㄭߪߢ〒㔌dx߇ᄢߦࠆߥߊ߈ᓥ޿ዊߥߊߐ

ࠆߥߣ0߇Imࠬࡦ࠲ࠢࠕ࡝㧘ߪߢ㧚৻ᣇ㧘〒㔌dx=0.2mએਅࠆ

๟ᵄᢙߟ3ߪሽ࿷ߡߒ෺ፄ․ᕈࠆߥߣ㧚Im=0ࠆߥߣ๟ᵄᢙࠍૐ

 㧚ࠆߔ⟵ቯߣ౒ᝄ๟ᵄᢙfr1㧘fr㧘fr2ߦ㗅ࠄ߆ᣇ޿
౉ജࠗࠬࡦ࠳࡯ࡇࡦZallߩᄢߣߐ߈㔚࿶೑ᓧMallߩ๟ᵄᢙ․

ᕈࠍ࿑12(a)㧘(b)ߔ␜ߦ㧚ZallߣMallߪ㧘౒ߦ〒㔌߇ᄢࠆߥߊ߈

㧚㔚࿶೑ᓧࠆߔᄌൻߣ෺ፄ․ᕈ㧘⥃⇇․ᕈ㧘නፄ․ᕈ޿઻ߦ

Mallߪ㧘නፄ․ᕈࠆߥߣ〒㔌dx=0.4mઃㄭߡߦᦨᄢࠅߥߣ㧘಴

ജ㔚࿶vo㧘಴ജ㔚ജPo߽ᦨᄢࠆߥߣ㧚 
࿑12(b)ࠅࠃᓧߚࠇࠄAC౉ജ㔚࿶viacߦኻࠆߔAC಴ജ㔚࿶

voacߩ㔚࿶೑ᓧMallࠍ㔚࿶ᄌ឵Ყ₸޿↪ߡߒߣ㧘Vi=50Vߡߒߣ

DC಴ജ㔚࿶voߚߒ▚⸘ࠍ⚿ᨐࠍ࿑13(a)ߔ␜ߦ㧚߹ߚ㧘ࠬࠗ࠶

㕖✢ᒻߚ޿↪ࠍSCAT ver. K.492࡞࡯࠷ᨆ⸂࠲࡯ࡃࡦࠦࠣࡦ࠴

࿁〝ࠪࠆࠃߦࡦ࡚ࠪ࡯࡟ࡘࡒDC-DCᄌ឵ߩߢ⋥ᵹ಴ജ㔚࿶ߩ

⸃ᨆ⚿ᨐࠍ࿑13(b)ߔ␜ߦ㧚⸃ᨆߪߢ㧘ᢛᵹ⚛ሶ࠼࡯ࠝࠗ࠳ߦ

ࠗ࠳100m:㧘ነ↢ኈ㊂Cds=100pF㧘ߪᛶ᛫ࡦࠝߩ㧘FET޿↪ࠍ

৻ߊ⦟ߪ(b)ߣ㧚࿑13(a)ࠆߔߣ0.7Vߪ㗅ᣇะ㔚࿶㒠ਅߩ࠼࡯ࠝ

ߒߣAC-AC㔚࿶ᄌ឵ࠍDC-DC㔚࿶ᄌ឵ߩࡓ࠹㧘⛎㔚ࠪࠬߒ⥌

 㧚ࠆࠇߐ␜߇᦭ലᕈߣᅷᒰᕈߩᧄ⸃ᨆᚻᴺߥ⊛৻⛔ࠆߔᨆ⸂ߡ
SCATోߩࡓ࠹ࠬࠪࠆࠃߦ㔚ജല₸․ᕈߩ⸃ᨆ⚿ᨐࠍ࿑

14(a)㧘HFSS10ࠆࠃߦMHzࡉ࡯ࠚ࠙࡞ࡈߩ⸃ᨆࠅࠃߦ⚿วଥᢙ

kࠍ⸃ᨆߚߒ⚿ᨐࠍ࿑14(b)ߔ␜ߦ㧚SCATࠆࠃߦ⸃ᨆߪߢ㧘ࠬ

ߥዋߪ㔚ജ៊ᄬߦ߼ߚࠆࠇࠊᛒߡߒߣ⍍ᤨߪㅦᐲࠣࡦ࠴࠶ࠗ

߃⿥ࠍ70%ߪ₸ᦨ㜞ో㔚ജലߩࡓ࠹㧘ࠪࠬ߇ࠆࠇࠄ⷗Ⓧ߽ߊ

࠹㧘ឭ᩺ࠪࠬࠅ޽ߢ15%ߪ₸㔚ജലߪߢⓥႎ๔⎇ߩ㧚MITࠆ

 㧚ࠆ޽ߢน⢻߇ߣߎࠆᓧࠍ㜞ല₸․ᕈߥ⊛࿶ୟߪࡓ
࠙࡞ࡈߩ10MHzߣ㕒⸃ᨆߣࠆߴᲧࠍ࿑14(b)ߣ㧘࿑7(a)ߚ߹

 㧚ࠆࠇߐ␜߇ߣߎࠆߔ⥌৻߷߶㧘ߪวଥᢙ⚿ߢߣᨆ⸂ࡉ࡯ࠚ
6.2� ⚿วଥᢙkࠆࠃߦ૏⟎ߣࠇߕ௑ߦ߈ኻࠆߔ⸃ᨆ 

ߣࠇߕ⟎૏ࠆ޽ߢࠇߕߩ㧘ਛᔃゲߡߒኻߦ࡞౒ᝄࠦࠗߩߟ2

ኻะⷺᐲߩᄌ૏ࠆ޽ߢ௑ߡ޿ߟߦ߈㧘⚿วଥᢙkࠬࠪߡ޿↪ࠍ

㧘ᛶ᛫Ro=50:㧘〒㔌ߪߢ㧚⸃ᨆࠆߔᨆ⸂ࠍᕈ․⻉ߩࡓ࠹

dx=20cmߡߒߣ㧘૏⟎ߪߢࠇߕ㧘0㨪20cmߩᄌ૏㧘௑ߪߢ߈㧘

0㨪180degߩᄌ૏ࠍ⸃ᨆࠆߔ㧚HFSSߡ޿↪ࠍ(a)ૐ๟ᵄ౒ᝄ๟

ᵄᢙfr1ߣ(b)㜞๟ᵄ౒ᝄ๟ᵄᢙfr2ߩࠇߙࠇߘ⏛⇇ᒝᐲߩಽᏓߦ

10cm㧘(3)ࠇߕ⟎૏ߢ㔌dx=20cm㧘(2)〒㔌dx=20cm〒(1)ߡ޿ߟ
〒㔌dx=20cmߢ௑45߈deg.ߩ႐วࠍ࿑15(1)(2)(3)ߔ␜ߦ㧚ૐ๟

ᵄ౒ᝄ๟ᵄᢙfr1ߣ㜞๟ᵄ౒ᝄ๟ᵄᢙfr2ࠍᲧߩߟ2ߣࠆߴ౒ᝄ

㧚ૐ๟ᵄ౒ᝄ๟ᵄࠆߥ⇣ߪ߈ะߩ࡞࠻ࠢࡌࠆߔ㎮੤ࠍ࡞ࠗࠦ

ᢙfr1ߪߢ㧘ㅍ㔚ࠦࠗߣ࡞ฃ㔚ࠦࠗߩ࡞㔚ᵹߪㅒ૏⋧ࠦࠅߥߣ

ߢ㧘㜞๟ᵄ౒ᝄ๟ᵄᢙfr2ߒᒻᚑࠍ᳇ო⏛ߥ⋤ုߦኻะ㕙࡞ࠗ

ᒻᚑࠍ㔚᳇ოߥ᳓ᐔߦኻะ㕙࡞ࠗࠦࠅߥߣ⋦ห૏ߪ㧘㔚ᵹߪ

 㧚ࠆߔ
૏⟎ߣࠇߕ〒㔌dx=20cmߩߢ௑ߡ޿ߟߦ߈㧘HFSSߚ޿↪ࠍ

9.5 9.75 10 10.25 10.5
120�

60�

0

60

120
dx= 10cm
dx= 20cm
dx= 30cm
dx= 40cm
dx= 50cm

9.5 9.75 10 10.25 10.5
1

10

100

1000
dx= 10cm
dx= 20cm
dx= 30cm
dx= 40cm
dx= 50cm

(a) Resistance Rre                (b) Reactance Im 
Fig.11  Resistance and reactance characteristics. 
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Fig.12  Input impedance and voltage gain characteristics. 
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(a) Proposed design theory      (b) Switching simulation 
Fig.13  Output voltage by a proposed theory and a simulator. 
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Fig.14  Whole power efficiency and coupling coefficient.
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(3) Rotate = 45deg. (Shift = 0cm, dx = 20cm) 
(a) Low resonant frequency fr1       (b) High resonant frequency fr2 

Fig.15  Magnetic field analysis near two resonant coils.
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ⴕ߁㧚ታ㛎ߪߢ㧘౒ᝄࠠߪߦ࠲ࠪࡄࡖ㧘᧛↰⵾૞ᚲ⵾ߩਛ㜞

࿶Ⓧጀࠨࡦ࠺ࡦࠦࠢ࠶ࡒ࡜࠮㧘ᢛᵹ⚛ሶߪߦ㧘࡚ࠪ࡯ࠠ࠻࠶

૞⹜ߩ㧘⎇ⓥᲑ㓏ߪߦሶ⚛ࠣࡦ࠴࠶㧘ࠬࠗ࠼࡯ࠝࠗ࠳ࠕ࡝ࡃ

㧚ࠆ޿↪ࠍGaN FETဳࡈࠝ࡞ࡑ࡯ࡁ⵾ࡓ࡯ࡠࠆ޽ߢ࡞ࡊࡦࠨ

100V⠴࿶㧘20Aࠬ࡞ࡄ⠴࿶㧘ࠝࡦᛶ᛫0.21ȍ㧘ࠬ࠼࡞࡚ࠪ࠶࡟

㔚࿶0.8Vࠆ޽ߢ㧚਄᣹㧘㒠ਅᤨ㑆6ߦ߽ߣߪnsࠅ޽ߢ㧘㜞ㅦࠬ

 㧚ࠆ߈ߢᦼᓙ߇േ૞ࠣࡦ࠴࠶ࠗ
㔚ജવㅍߪߦࠬࠗࡃ࠺ၮ␆⊛ᬌ⸛ࠆߖߐ↢⊑ࠍ⇇⏛ߡߒߣ

ᦨዊන૏ࠆ޿↪ࠍ࡞ࠗࠦࡊ࡯࡞ߥ࡞ࡊࡦࠪߩ㧚ඨᓘ5cm㧘✢

ᓘ1mmࠍ࡞ࠗࠦࡊ࡯࡞ߩߟ2ߩធㄭߡߖߐታ㛎ࠆߔ㧚ࠬ ࠴࠶ࠗ

ࠄᓧࠅࠃߦታ㛎ࠆߌ߅ߦ:๟ᵄᢙfs=8.2MHz㧘⽶⩄Ro=50ࠣࡦ

㧚౉ߔ␜ߦ࿑18ࠍ㔚ജല₸․ᕈࡓ࠹ࠬࠪߣવㅍ㔚ജ․ᕈߚࠇ

ജ㔚࿶60Vߪߢ㧘಴ജ㔚࿶61.2V㧘ᦨᄢવㅍ㔚ജ74.9W㧘ࠪࠬ

㧘಴ജ㔚࿶51.0V㧘ߪߢ㧘౉ജ㔚࿶50Vߚ߹㔚ജല₸73.3%㧘ࡓ࠹

વㅍ㔚ജ52.0W㧘ᦨ㜞ࠪࠬࡓ࠹㔚ജല₸74.0%ࠍ㆐ᚑࠆ޿ߡߒ㧚 

8.�  ߼ߣ߹
ᣂ޿ߒଔ୯ഃㅧࠍ⋡ᜰߚߒᣂ޿ߒᛛⴚಽ㊁ߡߒߣ㧘ޟ㜞๟ᵄ

࠶ࠗࠬࠆߔឭ᩺ߊߒ㧘ᣂߒឭ໒ࠍޠࠬࠢ࠾ࡠ࠻ࠢ࡟ࠛ࡯ࡢࡄ

ࠍ⺰ℂ⸘⸳ߚ޿↪ࠍวଥᢙ⚿ߡߒ㑐ߦ㔚⛎ࠬ࡟ࡗࠗࡢࠣࡦ࠴

ᓧ߇วଥᢙ⚿ߩࠬࠗࡃ࠺㔚ജવㅍࠅࠃߦ㧚㔚⏛⇇⸃ᨆߚߓ⺰

㧘಴ജ㔚࿶㧘ࠅ޽ߢน⢻߇⸘⸳㔚ജߩࡓ࠹㧘⛎㔚ࠪࠬ߫ࠇࠇࠄ

વㅍ㔚ജ㧘ࠪࠬోߩࡓ࠹㔚ജല₸߇⸃ᨆࠆ߈ߢ㧚 
ߡ޿ߠၮߦ⺰㧘⸳⸘ℂߦࠄߐ GaN FET ߚ޿↪ࠍ 10MHz േ

૞ታ㛎ࠍⴕ޿㧘ࠪ ₸㔚ജലోߩࡓ࠹ࠬ 74.0%㧘વㅍ㔚ജ 74.9W
 㧚ࠆ޽ߢᚑᨐߥ⊛ᦼ↹޿ߥߦߢ߹ࠇߎ㧚ߚߒᚑഞߦ
੹ᓟ㧘ࠬ࡟ࡗࠗࡢ⛎㔚ߩᦝࠆߥᛛⴚ⊒ዷߣᏒ႐ࠆߌ߅ߦᣂ

 㧚ࠆߔᦼᓙࠍዷ㐿ߩࡦ࡚ࠪ࡯ࠤ࡝ࡊࠕ޿ߒ
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Fig.16  Power system characteristics by proposed theory. 
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Fig.17  Whole power efficiency characteristics by SCAT. 
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Fig.18 Experimental whole power efficiency at 8.2MHz.
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