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Integrated Magnetics Achieve High 
Power Density & Low Loss Design

Hybrid Magnetic Technology

L-I Curve Trimming Technology

Very low EMC Noise Transformer and 
Reactor Design Technology

Sound noise reduce Technology

Supper Magnetic Core Material Technology

Large Aspect Ratio Edgewise Winding Technology for 
water-cooling & Oil-cooling

Advanced Magnetic Technologies Introduction

Hybrid 
Technology

Integrated 
Magnetics

L-I Trimming
Technology

EMC
Technology

Edgewise
Technology

Acoustic
Technology

X-Core
Technology
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Integrated 
Magnetics

Flux direction

Flux inside core

Flux is cancelled largely within the middle core 
which improves core loss & cuts core volume

2 in one integrated reactor

Ae

Ae

< 80%・Ae

The technology of building an effective magnetic 

structure to design multiple magnetic functions such 

inductor, transformer, EMC choke using one set of core 

as within a single part.

Application design samples: 

1. Using two windings to build 2 coupling inductor in one 

package with a coupling coefficient from 0 to less than 

100% for interleave boost or PFC circuit 

2. Using 2 windings to build 2 resonant inductors, 1 low 

magnetization inductor and 1 idea transformer in a set of 

magnetic core for a 6.6KW CLLC converter

3. Using 2 windings to design a common choke with a large 

normal inductance for EMC filter, etc. 

Flux-cancel effect enables much smaller core section area 

at the middle common core under interleave application
A Magnetic circuit simple model for integrated reactor

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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Hybrid 
Technology

Ferrite material only

Sendust core

IINAC

Hybrid Design extends CCM operating range improved the 

total harmonic distortion(THD), also largely reduced eddy loss 

of windings

Ferrite Reactor Hybrid Reactor

L-I Curve @ 100℃

Ferrite + Sendust hybrid design

Vin

⚫ DCM current area

⚫ CCM current area

The effective technology by applying different core materials at different part of the magnetic circuit 

to improve not only such as DC bias characteristic but also achieving less core loss and winding eddy 

loss for power reactor design

At LLC transformer design (at 150KHz), since if only using ferrite 

material, there are large length of gaps to get low total permeability, 

new high frequency low permeability powder core (NPA-19μ, POCO) is 

a best core material inside winding, the air gap length can be largely 

reduced, the winding eddy loss gets very smaller.

At some interleave boost reactor designs, 

Different permeability material makes 

right coupling coefficient possible

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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World first 3KW IGBT CRM Interleave PFC Application
★ This 3KW IGBT CRM PFC solution & patent copyright  is applied by Tamura Corporation 

iL2iL1
iL1+iL2

Vin

DRV1

DRV2

Product Curve

Working under 33KHz

Necessary Inductance

High efficiency・Low cost・Best EMC

Interleave CRM PFC Solution for high power application

L-I Trimming
Technology

iL1

iL2

iL1+iL2

iL2

iL1

iL1+iL2

Representative example showing variable air gap design & its L-I curve characteristic

L-I Trimming Application

Design by different permeability, section area, core 

shape changes I-L curve

0 μH

100 μH

200 μH

300 μH

400 μH

500 μH

0 A 100 A 200 A 300 A 400 A

Solution1

Solusion2

L-I Trimming Technology is a creative magnetic design 

technique by applying different permeability core material, 

special core shape, different section area at different part of 

magnetic circuit to adjust part of L-I curve to meet the 

unique requirement of component inductance characteristic 

from power topology. 

Here are two typical innovational cases

1. by applying such technique, a very low cost & high-efficient 3KW 

IGBT CRM PFC is designed to replace MOSFETs and fast recovery 

diodes (Patented by Tamura★)

2. 38KW@10KHz continue power of interleave boost reactor for PHEV 

application with good cost performance

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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1

Normal Block Winding Reactor

2

Normal Toroid Winding Reactor

3

Lleakage＋Cparasitic＋RDC

Cparasitic is charged & discharged dramatically by very high dV/dt

High frequency LCR networks resonance makes 
the reactor to be an active EMI noise source!

EMI Noise Source Mechanism

Electric-field 

distribution 

E

cap

Dramatic

transient 

Silent 
VoltageSilent

Voltage

Dramatic

transient 

EMC Technology Applied

EMC
Technology

No Spike

EMC technology in power magnetic component design is to reduce winding parasitic 
capacitance & the energy stored in such parasitic capacitors by optimizing winding 
structure, thus, there is no significant high frequency resonant current spike which 
results extra EMC noise. 

Sample of EMC technology

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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Acoustic
Technology

Normal ACL Reactor

6.0KW low sound noise ( PSU <29dB ) at PV application

Mechanism on Audio Noise
⚫ Magnetic distortion
⚫ Magnetic stress vibration
⚫ Mechanic vibration & resonance
⚫ Narrow air gap structure  
⚫ Harmonic distortion current

Low Audio Noise & No Current Spike

Silent ACL Reactor

Audio noise spectrum comparison for 6KW photovoltaic inverter ACL reactor

MPPT

L

N

PE

DCL

ACL

Solar 
Panel

A low sound noise ACL magnetic structure 
with many pieces of block cores

Power reactor ACL sound noise mainly comes from large amount of invisible tiny air gaps that exist 
among magnetic core, between cores, windings, and joints of different parts. 

Effective acoustic technology is greatly reducing these noise mechanism than ACL reactor is under 
very strong  electromagnetic vibration & core magnetic hysteresis vibration operating condition.

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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Make electricity purer·smoother

New materials of SiC/GaN times

Advanced magnetic material for inductor

- Core-shaped innovation meets flexible inductor design

- Wide size dimension range

- Wide frequency applications（5KHz~2MHz）

X Powder
Technology

0.7 T

1.9 T
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Switching Frequency

5KHz 10KHz 20KHz 50KHz 500KHz 2MHz100KHz 200KHz 1MHz

NPN

NPI

NPN-LH

NPH-L

NPX

NPF

NPA

NPV

NPH
NPC

FeSi G1  1250㎽/㎤

FeSi G2 640㎽/㎤

FeSi G2.5  400㎽/㎤ FeSi G3  300㎽/㎤ FeSi G4  160㎽/㎤

860㎽/㎤

450㎽/㎤

Gas powder

Gas powder

HighFlux equivalent

SiC GaN times    High Power・High Frequency ・High Voltage

① Pcv Testing Condition: 100mT/100KHz@80℃ Iwatsu SY-8219

Typical applications 

NPI

NPN-LH

NPH-L

NPX

NPA

NPV

NPC

HV boost, 800V super-charge boost 5~15KHz

PV ACL, HV boost, PFC choke 15~50KHz

PV boost, server 48V PS, PFC choke 20~100KHz

FCV compressor ACL, server & PFC choke 50~120KHz

General-purpose power supply & PFC 50~200KHz

CRM PFC, High-ripple current boost DCL 50~500KHz

LLC resonant power inductor 100K~2MHz

The world’s most innovative developer of soft magnetic powder core materials

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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⚫ Strong DC bias characteristic 
⚫ Low core loss
⚫ High density core technology 
⚫ Low sound noise core technology
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Core material Si01P :   DC bias

Element 
Number

Element 
Symbol

Element  
Name

Atomic 
Conc.

Weight 
Conc.

6 C Carbon 22.25 7.04

8 O Oxygen 15.51 6.53

13 AL Aluminum 2.12 1.51

14 Si Silicon 4.76 3.52

26 Fe Iron 55.36 81.41

Material composition （Si01P）

Powder core inner dimension - SED
（secondary  electron detector）

Si01P 8~12KHz      IGBT 30~250KW
Si02P 30~50KHz    SiC 30~250KW
Si03P 50~100KHz  SiC 30~250KW

◼ HEV. PHEV. EVQC. FCV  specialized magnetic core material

S
i0

1
P

P
resen

t

Present

Si01P

Features

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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NPV FeSi Series（15～50kHz） 

High Power・FeSi New MaterialNPV

NPF NPV FeSi G1 upgrade

Strong DC Bias & much loss cut
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NPV 70KHz
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NPV 100KHz

NPF → NPV

◼ New generation FeSi magnetic powder material

Technologies

on PV･V2H･Quick Charger･PHEV/EV high power reactor

Advanced Power Magnetic Technology for PV・E-mobility・Super charger

MTC Japan technical support center of POCO magnetic application 
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8/15

High Power・FeSi New Material Strong DC Bias & much loss cut

NPH NPC FeSi G2 upgrade

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger

MTC Japan technical support center of POCO magnetic application 

◼ New generation FeSi magnetic powder material

on PV･V2H･Quick Charger･PHEV/EV high power reactor
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Power Inductance Density(PID) Index
An effective method to measure the energy-stored transmission capability  
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example to calculate PID Index 

Inductance

Product of inductance(LI)

Inductor stored energy                      𝑬 =
𝟏

𝟐
𝑳 × 𝑰𝟐

Inductance current curve                   L-I (DC Bias)

Inductance current Product               𝑷 = 𝑳 × 𝑰

Inductor safety operating current     𝑰𝒓𝒎𝒔

Inductor volume & size                       𝑽𝒆 = 𝑳 ×𝑾×𝑯

Power Inductance Density(PID) Index    (designed)

𝑷𝑰𝑫 =
𝑷𝒎𝒂𝒙 × 𝑰 𝒓𝒎𝒔

𝑽𝒆
（ μHA2/㎣）

Irating 115 Arms
Size    100 x 68 x 62  ㎣
PID 9.6 μHA2/㎣

Technologies

◼ PID Evaluation 

Advanced Power Magnetic Technology for PV・E-mobility・Super charger
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◼ Advanced magnet wire technology 

Special shape magnet wires

Aspect ratio  1~30: 1
Enameled Edgewise Wire
Special section shape Edgewise

PEEK extrusion flat wire 
for edgewise winding

Round & Aspect ratio  1~30: 1
PEEK Extrusion Magnet Wire
Round wire
Edgewise wire
Reinforced insulation Edgewise wire

V
o
lt
a
g
e
(k

V
p
)

Partial discharge voltage

Time

Partial discharge initial voltage
(near 0.8kVp PDIV)

★ Coating flexibility
★ Anti-PDIV ability
★ ATF oil Compatibility

Collaboration with

Aspect ratio 30：1

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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◼ Advanced edgewise winding technology 

R5

24

55

33

23

55

33

R2.5

R2.5

Different special wire shape design for water-cooling & oil-cooling 
improves heat dissipation effect & reduces winding volume

Aspect ratio 30:1 reinforced 
insulation edgewise winding 
technology for high-power 
high-frequency transformer 

★ Word first technology

Aspect ratio  30: 1 wire & winding

Copper size 0.3x9mm

Polyimide film sintering wire & winding 

Smaller angle bending technology on 90°right 
angle edgewise winding enables compact size 
design & reduces parts loss, etc.

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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◼ Ultra-low AC loss hybrid magnetics

High winding crossing flux leaking structure 
Low winding crossing flux leaking structure
(even under much higher magnetic strength)

★ Optimized magnetic circuit design greatly reduces AC loss

𝑃𝑐𝑜𝑟𝑒 = 𝑃𝐻𝑦𝑠𝑡𝑒𝑟𝑒𝑠𝑖𝑠 + 𝑃𝐸𝑑𝑑𝑦𝐶𝑢𝑟𝑟𝑒𝑛𝑡 + 𝑃𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙

𝑃𝑐𝑜𝑖𝑙 = 𝑃𝑆𝑘𝑖𝑛𝐸𝑓𝑓𝑒𝑐𝑡 + 𝑃𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦𝐸𝑓𝑓𝑒𝑐𝑡 + 𝑃𝑊𝑖𝑛𝑑𝑖𝑛𝑔𝐸𝑑𝑑𝑦

+ 𝑃𝐷𝐶 +𝑃𝐶𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑖𝑛𝑔𝐶𝑢𝑟𝑟𝑒𝑛𝑡

160KW Reactor loss analyzer -BBC160K-500A

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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高ﾊﾟﾜｰ
ｲﾝﾀﾞｸﾀﾝｽ密度

究極の放熱性

長期耐久性

広い温度特性

高い機械強度

ﾍﾞｽﾄ・ﾊﾟﾌｫｰﾏﾝｽ

Water Cooling

Oil Cooling

Automotive Power Inductor Application features

High inductance density

Fast heat dissipation ability 

Long proved life-time 

Wide operating 
temperature range 

High level mechanical 
vibration & shock

Good cost performance

Injection molding technology for automotive application

⚫ High performance ⚫ High reliability

◼ Automotive features on Power Magnetic Component

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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◼ Anti-heat shock & ATF compatibility PPS material

> PPS-(GF+MD)55 <

Glass fiber

PPS

NO any heat-shock cracks found proved Under 

1000 heat-shock cycles at -40℃~180℃ range

Surface & inside between core and winding

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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◼ PPS Injection molding technology

Product Photo

• Injection molding power inductor structure 

provides a best way to meet  requirements 

at hard vibration & mechanical shock specs 

for automotive application.

• Good heat dissipation function

• Good electrical insulation structure

Inside molding structure photo

X-layer photo

UiD Technology

Keeping windings outside of molding 

benefits heat dissipation

for water cooling & oil cooling

(Water cooling reactor)

No any clack full filled PPS within gap from core to winding

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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Good

Good

◼ Bus bar welding technology 

★ High cleanliness

★ No joint oxidation

★ No coating carbonization

★ No joint welding clack

★ No welting void 

High reliability busbar joint

UiD Technology Laser beam welding
◼ Joint oxidation
◼ Coating carbonization
◼ Beam energy degradation TIG welding technology

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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◼ Accurate & fast transient response NTC 

Ultra-speed heater enables NTC temperature response test.  

➢ High reliability NTC chip technology

➢ High Performance sensor package design providing 

sensing precision & response 

➢ Very low discreteness

➢ Low cost

Advanced temperature sensing technology
⚫ External mounting construction

⚫ Inside injection mounting constructionFeatures

TechnologiesAdvanced Power Magnetic Technology for PV・E-mobility・Super charger
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High
effic.

Small 
size

Cost 
perform.

T.
range

EMC
Low 
noise

Weight 
saving

Defect Discreteness Robust

Reliability 

test

Tracing
system

Function
specification
performance

Reliability 

Automotive 
management 

system

Automotive
Power 

magnetic 
component

features

Design
Validation

Production
Validation

ES
Prototype
試作品作成

EV
Engineering Validation

技術検証

DV
Design Validation

設計検証

PV
Production Validation

生産検証

MP
Mass Validation

初期流動管理

耐応力
極寒
極熱

振動
衝撃

耐油性
高温
高湿

耐酸化熱衝撃

⚫ Automatic production Line

Automotive production management system
through materials, parts, equipment & manufacturing

Quantify
Monitor
Control

Automotive process

Reliability design 

Specification design 

Quality risk analysis

Advanced Power Magnetic Technology for PV・E-mobility・Super charger
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7F Nihonbashi Mizuno Bldg., 1-11-12 Nihonbashi muromachi, Chuo-ku, Tokyo

Tel       03-6674-0155 (Rep.) Zip  103-0022

MP       +81 80-9675-7810

email    g.shao@magroots.co.jp https://www.magroots.co.jp

Magroots Technology Corporation

Guest Professor of Zhejiang University of Technology

Membership of IEEE Power Electronics Society(IEEE PELS) 

Member of Experts Committee-China Power Supply Society (CPSS)

Deputy Team Leader of CPSS Magnetic Technical Services Expert Group

CEO
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邵 革良

〒103-0022 東京都中央区日本橋室町1丁目11番12号日本橋水野ビル7階

Tel      03-6674-0155 MP  080-9675-7810

email g.shao@magroots.co.jp https://www.magroots.co.jp 

中国電源学会専門家委員会
CPSSマグネティック技術コンサルティング組
浙江工業大学
Membership of IEEE Power Electronics Society 

委    員
副 組 長
客席教授

SHO KAKURYO

Magrootsテクノロジー株式会社

代表取締役社長

Better Nature Better Life

POCO Application Tech. Support

〒103-0022 東京都中央区日本橋室町1丁目11番12号日本橋水野ビル7階

Tel      03-6674-0155 MP  080-9675-7810

email poco_techsupport@magroots.co.jp

Web https://www.magroots.co.jp 

Magrootsテクノロジー株式会社 技術担当 邵革良(Sho Kakuryo)

POCO 日本アプリケーション技術窓口Contact us

私たちは持続可能な開発目標（SDGs）を支援しています
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