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Converter
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Converter
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time
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Voltage
time
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PE CO2

DC / DC 

DC/DC

100V-800V

E-Axle

DC/DC
AC/DC

(OBC)
(V2X )

DC/DC
AC/DC

or 

PE

SHEVMHEV EV FCVGasoline V PHEV
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DC/DC
3

DC-DC

100V-800V

DC-DC

PFC

(OBC)

PFC DC/DC

DC/DC
AC/DC
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Pack capacity: 123 kWh Cell capacity: about 91.5 Wh System voltage: 800 volt (class) 
Onboard AC charger: 11.5 kW at 240 V, 48 A
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OBC

U

V

W

N

800V
(SCT027H65G3AG)

(SCT070T120G3AG)

MLCC

L

L

MLCC
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OBC DC/DC 800V 48V
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12

OBC DC/DC

Capacitor
30%

PCB
26%

Semiconductor
21%

Solder joints
13%

Connectors
3%

Others
7%

12

Temperature 
Steady state and 

cyclical 
55%Humidity/Moisture 

19%

Contaminants and Dust 
6%

Vibration/Shock
20%

[1] S. Yang, D. Xiang, A. Bryant, P. Mawby, L. Ran and P. Tavner, "Condition Monitoring for Device Reliability in Power Electronic Converters: A Review," in IEEE Transactions on Power Electronics, vol. 25, no. 11, pp. 2734-2752, Nov. 2010
[2] H. Wang, M. Liserre and F. Blaabjerg, "Toward Reliable Power Electronics: Challenges, Design Tools, and Opportunities," in IEEE Industrial Electronics Magazine, vol. 7, no. 2, pp. 17-26, June 2013
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13 14centres Available online, https://www.nature.com/articles/d41586-018-06610-y
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(Amazon/Google/Microsoft )

Mukkavilli, S., Shetty, S. and Hong, L., "Generation of Labelled Datasets to Quantify the Impact of Security Threats to Cloud Data 
Centers," Journal of Information Security, 7, pp.172-184, 2016.
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( )

3050m

Meta Google, Microsoft, Amazon, Alibaba 100 https://www.opencompute.org/

AC
DC

DC
DC

AC
DC

DC
DC

DC

DC

40V-60V

50V
48V

400V

2016

2020

VR CPU
VR FPGA
VR ASIC

VR
VR
VR

400V

Open rack standard v2.0, Open compute project, 2016. 

Open rack v3 48v rectifier psu spec, Open compute project, 2020.

BBU

BBU

CPU
FPGA
ASIC
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GPU GPU

V100 (Volta) A100 (Ampere) H100 (Hopper) GH200(CPU GPU )

2017 2020 2022 2023

300W 500W 700W 1000W

Vin [V] 12V 48V 48V 48V?

2017 2020 20232022
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10

Non-isolated
DC/DC converter

Isolated DC/DC
Converter(LLC) CPU

48V-54V 12V 0.9V

Controller

https://www.vicorpower.com/ja-jp/all-products/dc-dc

1.62MHz
S. Jiang, S. Saggini IEEE Transactions on Power Electronics, vol. 34, no. 6, pp. 5048-5062, June 2019, doi: 10.1109/TPEL.2018.2868447. ST
https://www.st.com/ja/power-management/48-v-direct-power-conversion.html

Google
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m core
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300~500mT ~2T ~2T

~10000 1~200 ~100000

< 300
< 500 ~ 700
( )
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( )

kHz kHz

85 AEC

( )
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Mn-Zn Mn-Zn Mn-Zn Ni-Zn Fe-Si-B Fe-Si-Al Fe Fe-Si
Fe-Si-B-
Cu-Nb

Fe-Si-B Fe-Si

µr 2300 800 900 290 60 60 60 60
16000

@10kHz
45000@DC 4100 @DC

Tc -

Pcv
(@20kHz,100mT

- - - -
108

kW/m3
44

kW/m3
725

kW/m3
201

kW/m3

2.2
kW/m3

FT-3
7.3 103 kg/m3

35.4
kg/m3

7.18 g/cm3

150
kW/m3

7.53g/cm3

Pcv
(@100kHz,100mT

60 kW/m3
- -

1000
kW/m3 646

kW/m3 530 kW/m3 6103
kW/m3

1464 
kW/m3

36.5
kW/m3

7.3 103 kg/m3

1107
kW/m3

7.18 g/cm3

1957
kW/m3

7.53kg/cm3

Pcv
(@1MHz,50mT

- 180 kW/m3 134 kW/m3 3700
kW/m3 - - - - - - -

Bsat[mT]
470mT 480mT 530mT

330mT 1500mT 1050mT 1760mT 1600mT 1230mT 1560mT 1880mT

25kHz~
200kHz

700kHz~3
MHz

500kHz~
3MHz

100kHz~
5MHz

25kHz~
200kHz

5kHz~
300kHz

60Hz~
500kHz

5kHz~
300kHz

1kHz~
100kHz

60Hz~
100kHz

50Hz~
100kHz

14µm
25µm 100µm

, , PFC
/ DC/DC

22

f [Hz]

µ

µ

DUT 1turn

core
r 2

core 0

( )
( )

L l

N A

Rwinding

L, Rmeasured

L:
lcore: 
N:
Acore

µ0:
Rmeasured :
Rwinding :

:

23

( )
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0 core0 complex core

complex
core core

' 2 '' 2
0 core 0 core

core core

core

r r

r r

j A NA N
L

l l

A N A N
j

l l

R
L j

Complex Inductance
Rcore

L

L

LRcore

Im

ReRcore
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1
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100

1000

10000

100000

0.1 1 10 100
f [MHz]

Mn-Zn

Ni-Zn

f

(Snoke's limit)

A

B

C

Soshin Chikazumi. Physics of Ferromagnetism, 2nd ed.; 
Oxford University Press: Oxford, UK, 2005.
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PFC( ) ( ) DC/DC

DC AC

AC DC DC DC

vi

L

S1

S2

S1

S2

S3

S4

S1

S2

C
C

L

L L
C

ON

OFF
Vin

VinVo

Vo

Vo
Vin Vin

0

Vin Vo

DC/DC

C

S1

S2

S3

S4

28

DC DC
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DC/DC

Vi
Ro

Vi

R

Ro

Vo Vo

DC/DC
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Vo=5VVi=10V

: Vi=10V Vo 5V

Ro

Vo=5VVi=10V

ON R=0, OFF R=

ON OFF ON OFF ON

5V 5V

10V

DC/DC
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S1

Co

D1 VoVi
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Vi

Ro

??

(MOSFET)

( )

??

MOSFET, IGBT
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DC/DC
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DC/DC

S1
Co

D1L1

VoVi

S1

Co

D1

L1

VoVi

Vi Vo (Vi Vo)

S1
Co

L1

VoVi

S2

( / )

S1

Co

D1
L1 VoVi

Vi Vo, Vi Vo 

, 

Ci

CiCi

Ci

(3 )
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S1
Co

L1

S2

OK

Ci

S1
Co

D1L1

Ci

G

Generator

G
Generator

DC/DC
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S1 Co

D1
L1

VoVi

S1
Co

D1L1

VoVi

Ci

Ci

vL1on

vL1off

Lon

Loff
ON OFF

ON

OFF

( )

ON OFF

ON ON ONOFF OFF OFF

ON IL1on, OFF IL1off

IL1on IL1off

Note: d
ON

ON OFF
ON ONOFF OFF
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PWM

S1
Co

D1
L1

VoVi

0.50.5

2 ON OFF

0.50.5

1 ON/OFF
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Co

10kHz
25kHz 50kHz

1[V]

50kHz

1mH
( )

Vc
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50kHz

25kHz

10kHz

* d 0.5
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dc

Ac

( )

Exploring the Pareto Front of Multi-Objective Single-Phase PFC Rectifier Design Optimization - 99.2% Efficiency vs. 7kW/din 3 Power Density, . IEEE 6th 
International Power Electronics and Motion Control Conference(IPEMC), pp.1-21

[J]

)

Q

-Q

vc
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L1

10kHz
25kHz 50kHz

ILpp=5A

50kHz

50kHz

25kHz

10kHz

* d 0.5

1mF
( )

iL
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L_maxL_max 2

1
ILW

Acore Awindow L ILmax , Bmax Jmax

Kw , Kv:

[J]

Wm, T, McLyman " Transformer and Inductor Desgin handbook", CRC Press, 2004

i

Acore

Awindow

41

3/4
Ap 3/4
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Vi
S

Vo
Ci

L

Co

D

Vin 100V

ILpp 1.25A

Vo 200V

Io 2.5A

fs 40-400kHz

vc=200mV , ILpp=1.25A
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Vin 100V

ILpp 1.25A

Vo 200V

Io 2.5A

fs 40-400kHz

vc=200mV , ILpp=1.25A

Vi
S

Vo
Ci

L

Co

D

/

?

?

3

L C, 

(ON: , OFF: )

SiC GaN

Ton Ton Toff
ToffToff

PWM

Power Power

MOSFET
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45 46

N1 N2
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CM, DM
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V [V] Ni [AT]
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Step:3

Step:2

Step:1
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Step:4
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No
Step:2

Step:3

Step:4

Step:6

Step:7
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v

i

A

Bsat
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L L

0.84mm

39turn 10turn

, 
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Vi 50V

Vo 100V

d 0.5

fs 50kHz

Po 200W

IL 4A

ILpp 1A

ILp 4.5A

ILb 3.5A
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Toff
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max

Ton

t
Ts

sat

sat=Bsat Acore

63max

BH
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sat
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Toff
DC

AC
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Ton

t
Ts

sat

Toff
ILave

ILpp

Ton

t
Ts

RmNiLN
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Step:4
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Rm

NILave

DC

, 

(1)

(2)

( )

ILave: [A], DC: [Wb], Rm: [A/Wb], N: [Turn]

Toff
DC

Ton

t

Ts

Toff

ILave

Ton

t

Ts

CCM
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ON

(3)
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ToffTon

Ts

AC

OFF

Vlow

L

vL
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Lave low
max DC AC s

m

1 1

2 2

N I V

R N

Toff DC

AC

max

Ton

t

sat

Ts

max[Wb]

(5)
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RmNILpp

AC

ILpp: [A], d: , Ts: [s]AC: [Wb]

ToffTon

t

Ts

ToffTon

t
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ACILpp
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ILpp Rm N 69
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ILpp

ILave v

i

Acore

( )
N Rm

m AC m low
Lpp s2

R
I d T

N N
[A] [Wb]
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(7) Rm

(8)

(8) (5)

(9)

(9)(10)

(11)

core

max
max A

B (10)
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D

Ci

Lself
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t

ILpp

ToffTon
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max core Lpp

2 1

2

I I V d d T
N

B A I

ILave
ILave

73
2025 JABM 37 3

Step:3
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Step:1
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Step:4

i

N
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( )

Awinding[m2], Jmax[A/m2], d[m]

winding Lmax
w

window window max

N A N I
K

A A J

( ) Awindow[m2], : KW

w window max

Lmax

K A J
N

I
(4)

i

N
Acore

Awindow

Awindingd

Ap

Colonel Wm. T. McLyman

Ap Awindow Acore

KW

1 

(3) , N

Lmax
max

winding

I
J

A
(1) (2)

(3)

2
4max Lmax

p window core
w max max w max max

2
[m ]

L I W
A A A

K J B K J B
(6)

Ap (4)(5) N

max LmaxN LI

Lmax

core max

L I
N

A B

(5)
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N, Rm lg

(3D)
1D /

Vlow 50 V
Vhigh 100 V

fs 100 kHz (Ts = 10µs)
ds1 0.5

Pmax 500 W
ILave 10 A
ILpp 4 A
ILmax 12 A

L (=Vlowds1Ts/ILpp) 62.5 µH
Kw 0.4
Jmax 5 A/mm2

Bmax 250 mT
LILmax

2/2 4.5 mJ

( ( ))
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i

Awinding Acore

( )

Bs

23 530mT

100 420mT

78
Bmax=250mTJmax 3~5A/mm2

PC47 Mn-Zn

t

ILmax
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3
8 4L

p window core 6 3
w max max

2 2 4.5 10
1.8 10 [m ]

0.4 5 10 250 10

W
A A A

K J B

AP ( / )

AP

Acore : 149 [mm2]
Aw : 183[mm2]

AP Ap : 2.73 10-8 [m4]

  Ap     Ap

PC47EER40 79
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lcore
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80https://product.tdk.com/info/ja/catalog/datasheets/ferrite_mz_sw_e_ja.pdf
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N, Rm lg

2
L 6

m

1 1
142 nH N

7 056 10
A

R .

142

1.87

: 1.87mm : 2.4mm

J. M uhlethaler , J. W. Kolar , and 
A. Ecklebe A Novel Approach 

for 3D Air Gap Reluctance

Conference on Power Electronics -
ECCE Asia (2011)
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f
N

( )
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PLECS P

- ron., Vol. 8, No. 2, pp.97-103 (1993)88
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Time [s]

12.0A

8.0A

35.7µWb

23.8µWb

240mT

160mT

ON OFF

Magnetic circuit

Electric circuit region

Pm(=1/Rm)

NiL

4.0A

11.9µWb

80mT

10.0A

29.8µWb

200mT

1D /

250mT, 4A 240mT, 4A

89
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EE
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Mn-Zn

EI60 EI50 EI40 EI30

[turns] 14 9 6 3
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Mn-Zn ferrite
PROTERIAL ML91S for MHz applications

(EI30 )

Volcore 6440 mm3 6440 mm3

Atotal 111 mm2 333 mm2

lcore 58.0 mm 19.3 mm
N 3 turns (2 parallel winding) 1 turn

Bmax 0.175 T 0. 175 T
Acooling 321 mm2 1280 mm2
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(Model Order Reduction)

(Reverse order modeling)
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J. Imaoka, K. Okamoto, M. Shoyama, Y. Ishikura, M. Noah and M. Yamamoto, "Modeling, Magnetic Design, Simulation Methods, and Experimental Evaluation of Various Powder Cores Used in Power 
Converters Considering Their DC Superimposition Characteristics," in IEEE Transactions on Power Electronics, vol. 34, no. 9, pp. 9033-9051, Sept. 2019, doi: 10.1109/TPEL.2018.2886044.

TYPE
OD[mm]

ID
[mm]

HT
[mm] lcore [mm] Acore[mm2]

A Fe-Si 27.3 14.5 11.2 71.6mm2 65.7mm

B Fe-Ni 27.2 14.6 11.6 73.0mm2 65.7mm

C Ni-Fe-Mo 27.2 14.6 11.8 74.3mm2 65.7mm

D Fe-Si-Al 27.4 14.3 11.7 76.6mm2 65.5mm

E - 27.4 14.7 11.9 76.6mm2 65.5mm

r
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p q( ) r( ) pr/4q

43.9 14300 A/m 1.94 -1.5 m/kA

51.9 13100 A/m 2.33 -2.3 m/kA

50.1 8260 A/m 2.47 -3.7 m/kA

68.0 5020 A/m 1.91 -6.5 m/kA

58.1 6020 A/m 1.24 -3.0 m/kA
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