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Blaabjerg, Frede, Ph.D.
Professor, AAU Energy, Aalborg University, Denmark
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Modern Power Electronics Era

The modern power electronics evolution started in
the mid-fifties last century with the invention of the
thyristor, which was based on silicon material and
following the technology development and deploy-
ment in the society since then - it is very obvious that
the power semiconductors have been undergoing a
tremendous development in terms of performance
improvement and cost reduction — and every time we
see an evolution - the consequence will be improved
circuits and power electronic based systems having
higher efficiencies, faster performance, higher power
density and reliability.

Applications are expanding

One of the mega-trends in society is to make it car-
bon neutral — hopefully already in many countries be-
fore 2050-and looking at the future energy generation
and consumption mix - the electricity will get a very
dominant role due to its flexibility and high efficiency.
In some society predictions, the electricity share of the
energy mix will be more than doubled - therefore, the
role of power electronics and its basic semiconductors
have never been more important than what we are
looking into now. In the past, renewable generation,
industrialization and automation, lighting, railway-
transportation, power supplies for computers, power
transmission and distribution - just mention some
areas-have been driving the technology. In the future,
the evolution of EV/HEV’s, data centers, battery stor-
age, and lastly Power to X to obtain E-Fuel will demand
a huge amount of kW to GW systems — controlled and
processed by power electronics.

Design and reliability

Fortunately, the power semiconductors are looking
into a constant improvement scenario — both silicon
and wide bandgap based devices where the capability
will boost in terms of switching speed, blocking volt-
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age, lower operating losses, and thereby also higher
power density-which in the end will give lower system
cost — the die area will also be reduced, which on the
other hand can have some robustness challenges to
be solved. But the demands are also increasing — we
will see applications, which should be operating for
many more hours than today (Eg. in renewables 30+
Year of operations are being discussed) in order to
have a better system life-cycle performance. It means
that we need to understand root causes of failure to
deal with reliability challenges and also to model it to
make design for reliability. The switching speed and
high power density demand rather advanced electro-
thermal design methods of the circuits in 3D to fully
exploit the potential of power devices. We will also see
a trend towards higher operating temperature and the
consequences in the components incl packaging, need
to be carefully modeled and understood - again in
order to do design for reliability.

Will it be standard?

In only very few areas, the power electronic applica-
tions do not see significant technology development
as it is standardized to a large extent today — as the
cost will be constantly reduced to a minimum. Some
areas are in massive manufacturing, and the scaling has
enabled a considerable cost reduction itself. One area
is the lighting which seems to have reached a certain
maturity after a tremendous jump in performance due
to LED - but also other appliance like areas see not a
large jump in technology improvement as the cost is
very low per unit. The following years to come maybe
see a few areas of maturity, but as the device technol-
ogy is improving and the power electronic applications
are growing with last pace — many areas will not see
a final standard. At the same time, more sensors will
be included in power electronic systems enabling the
measurement of data which can optimize the system
operation as well in a smart way monitor the system to
avoid unexpected failures — doing condition monitor-
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ing and predictive maintenance. That will give added
value to the products and end-users - so it is not only
the component but also a service, e.g., based on meas-
ured data in the system.

Curriculums should be adaptive and train learn
how to learn

The pace of generating new knowledge is moving
faster and faster — it is also a mirror of the technology
development — and curriculums taught today - can
be rather outdated within 5-10 years — therefore it is
important to constantly assess the need of adjusting
electrical engineering programs to teach the student in
the best way to understand the possibilities of power
electronics — as well as to understand how to design
them and the related systems — as the final design is
very important in order to stay competitive — the learn
hardware-design and test is time-consuming to master
it fully as it needs a long time incl practical experience
— and we have to find methods to train students that
efficiently. Moreover, curriculums have a limited
time duration as students also have to be graduated.
Therefore I would advocate a little for that curriculums
offer-beyond training the students in basics — how to
learn more themselves (learn how to learn)- in that
way they have skills enabling them fast to understand
and apply new knowledge - e.g., use problem based
learning in the whole study program as done funda-
mentally in my university.

Looking decades ahead —power electronics technol-
ogy will play an essential role in a modern, sustainable
and hopefully carbon-neutral world - where every
small improvement in power semiconductors can make
large impact for many.
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xEV [@lF 100 kW 25 X#8/M\8Y RC-IGBT €Y a2 —Ib
T\M677]

“M677” 100 kW-Class Ultra—Compact IGBT Module for xEVs

ZZE ¥i—EBB ADACHI, Shinichiro J\iE  EEIZE OBATA, Tomoyuki =] B3l HIGASHI, Nobuhiro

WA, HRWICHBEOBIHMA T TEIMEL THY. NDT—FY 2 —I)VIE/MEML., Efifgb & m B A FE R I R
HoNTWD, BLEEE. 1I00kW IVSADE—YHIEREZY - v hEUL T, ER Ny 7O 52D XxEV mIF /N
RC-IGBT E¥a—JU TM6771 %Z#BIF U7z, EERZ RC-IGBT. U—R 7L —ABMERAWEZFH R/ Y r—3 0 EiE
WHIZROMAEEICK Y. FERMEY 1 UN—STERFDOFEAEER 20% KiK. €Y 2 —IUIFIE 50% KR ZZER L2, €D

R, 2 fEOEENEEAZITV. 100kW 252D RC-IGBT EV a2 —ILaFOOS Y1 X TEELTE,

The electrification of automobiles has been dramatically accelerated worldwide in the last decade and power modules are
required to be compact, low-cost, and higher power output at the same time. In order to meet the market requirement, Fuji Electric
has developed the “M677,” an industry-leading ultra-compact RC-IGBT module for xEVs targeting motors with output capacity of
100 kW. By combining low-loss RC-IGBTs, a new package with lead frame wiring, and a high thermal performance cooler, it has lower
generated loss by 20% during inverter operation and smaller module size by 50% than a conventional product. This enhancement
has resulted in a palm-sized 100 kW-class RC-IGBT module that achieves twice the power density compared with the conventional
one.

1] FIHE Ta—J)b TM677]) =BFL 2D T, DR K U MERE
[ZDWTHRD,
HERIR LA R D ERE N asiA TH D TNV gE] B
2015 4E[CERIRS N TBIRE. CO, FEHEHIRA M A& E T TM6771 ~ODE AT
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Cooling Technology for Ultra—Compact RC-IGBT Modules for xEVs
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BEIETIEY AT LD/ - EshRE HWICHEE —~F S X5 ADOBFKNEATHY. TOY AT AICERSIND /N
D—EYa—IILBHERICEBENEEEARDOINTVWD, TOERICIHADZHELEREIE. HlzaFP IV Z D LEHIZH
EWBRUTEND—EY 21— IEHFE LUz, COBHBFEBEMLZYZaL—YayEHAVWTEEILTHY. 71 v&
Mg e REL Y D & THiAMEREDR EER -7z, Ko, HREETHEN UMM NRBERIRT 52 & TMULEHRBR Lz, T

DFEE, 56 31 (FER) DINT—ETJ a1 —IVIZHRL TR 2 OB HEEEERL =,

In electric vehicles, the development of integrated mechanical and electrical systems is progressing in order to make systems
smaller and more efficient. At the same time, the power modules in these systems are also being required to achieve higher power
densities. To meet these requirements, Fuji Electric developed a power module that uses a new aluminum cooling unit. The cool-
ing unit was designed using a highly accurate simulation, and its cooling performance was improved by optimizing it fins and flow
paths. In addition, it has achieved a compact size by consolidating functions and reducing the number of parts. As a result, its power
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density was approximately doubled compared to the 3rd-generation (conventional) power module.
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Dual XT1

7th—Generation “X Series” RC-IGBT “Dual XT” Modules for Industrial Applications

;IS8 {AX EBUKURO, Yuta LLUEF H24 YAMANO, Akio HM YEFF KAKEFU, Mitsuhiro

AR, HOOEIER. @EEMEME VWS B NEBEEOE TSRO ENTVS, TNICIBADHELEREIE.
IGBT & FWD DO##EZ= T > F v FL L7z RC-IGBT DAF =T\, CORMESE 7 #HAR X U —X ) OFMfiz@EH L.
EMEE 1,200V HE 1,700V OFEZEMH RC-IGBT E¥a—J)L NDual XT) #5404V FPv ULk, TOEYa—IVIEH
=N\ T —I AW RERE G SR L T, BWMEEMEEHER UGS Fy TEAREZ 175°CIZ5IE RIF, BaiREE
BHOHRNIRICKFE LTz, CNICKY, ENEBREEDOS 55 HENOIEROEFMILERTL 2,

In recent years, demand has been increasing for high performance power converters with high output power and high reliability.
Against this backdrop, Fuji Electric has developed RC-IGBTs that integrate an IGBT and FWD on a single chip and has applied this
technology and a 7th-generation “X Series” technology to create the line-up of the “Dual XT” RC-IGBT modules with 1,200 V and
1,700 V ratings for industrial applications. These modules have a higher chip junction temperature of 175°C and more reduced junc-
tion temperature fluctuations than conventional products using the same package while maintaining high reliability. These improve-
ments have resulted in higher power outputs and longer lifetime of power converters.
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“P631” 7th—Generation “X Series” High Power IGBT-IPM

=11 B MINAGAWA, Kei BER ZEth KARASAWA, Tatsuya B #5181 KARAMOTO, Yuki

HLEEE, EOEBREBEOS 5 S5Ett. @EMAM. SEEEMOERCIBAS=H. sl TEVEREEE
MAMAE 7HAR TX ) —X ) RERIGBT-IPM MP631) ZBIFE L. RIMULLTz, BITMORER VU —X]
IPM [CHAR, ERERERK 1.5 FETHA U, Tz, @EHREEROFEERREN 7% HEITDEEHIT. 150°CTD
EREE L ZRZB U7z, TNIZEKY. 4 NS DHNERZN 1.3 FHMTE 5,

Fuji Electric has developed the “P631” high-capacity IGBT-IPM and added it to the 7th-generation “X Series” line. The IGBT-
IPM achieves high output and high heat dissipation to meet the demand for higher output, higher efficiency, and higher reliability in
power conversion equipment. Its rated current is up to 1.5 times higher than that of the existing high-capacity “V Series” IPMs. In
addition, it improves the loss generated during continuous operation by approximately 7% and achieves high-temperature operation
at 150°C. This contributes to increasing the output current of inverters by approximately 1.3 times.
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“PB633C Series” 3rd—-Generation Small IPMs

=) B KAMIMURA, Takeshi K48 TEX] OHASHI, Hidetomo B4t [&E{E TAMURA, Takahiro

HADTRIVF—HBERIFELARNMETICH Y., BIXRILF— (BITX) ([CBETDIBERDHEFINSE THEATVND,
D TRBERDHMNT A T SBEHEER ORISR & O EMC BHE OB (S HEML U 74K/ - AT 1 XD FIRF I8
RKSNTWD, INSOERIDBADHELEHKET. AT RIS EMC iz i LU 725 3 HHRUNEER IPM MP633C
D) =X =S LTz, B 7 AR FWD Fv IEMiZ#EHT S & T, FEHRKERE/ A XDML—RATEHELT,
F7z. HBAFED 3ch-HVIC & LVIC Fv J%=#iRT 5 2 & T AT —J(THT 2 BHEIER OB R kU7,

Worldwide energy consumption has been increasing year by year, resulting in many countries advancing policies and regula-
tions related to energy savings. In addition to these energy-saving policies and regulations, there is also demand for low-noise and
noise-immunity features in compliance with EMC-related standards for communication and control equipment. To meet these
demands, Fuji Electric has developed the “P633C Series” 3rd-generation small IPMs with improved energy-saving and EMC per-
formance. Applying the 7th-generation FWD chip technology improves the trade-off between generated loss and generated noise.
In addition, they come with newly developed 3ch-HVIC and LVIC chips to improve malfunction and breakdown capability against
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external surges.

1] FAHE

WA, PEGHEEORFHRREICEIY. KO XRIL
FHEBERIELXEMERICH D, TRIVF—IHEROHE
KRICTHEWHIERIRBEL D EHRE & 752 CO, PEHIREDIE R
TRIVF—HEBOHIEO 2B EE> TWD,

CDIRDGTERTHIAZEILF, ATXRILF— (BT
R) ZEDHDIHDBEELHHIEED TN D,

FKEMATFZIAVIF TRIVF—EEDRSTGHEIRDO—D
THd., HABEONETZLHODHETIE. 2020 FIC
LS N7ZE TREHITEWEESNDI T FIVDIEFEA
ElFxAN=9RICPYFEDL>TWVWD, =HIC. HEFPY
F. R, FKRGEOHEETTISICH W THAFEKEDR
LIZHESARBEOEFA——XDFEFEY & TRIVF—IHEN
filE DML ERDTeH. 1 V/N—9RTF IV OHRAR
RAENTWND,

BT XABHRMITMA T, A V/NN—YEEED XA v F
VOB K > THRET DA/ 4 g ICK Y., #fE
BeAR ORISR & (CEBEERETEVWLDICT 24
EAS U, IEC O HEBR MR FRIZEHS TH D CISPR
(Comité international spécial des perturbations
radioélectriques) 7%x & HVE & 7= EREWI 2% (EMC :
Electromagnetic Compatibility) B 0 % (Z % i
L7z, A&/ + XD/« XMEDRKEISRO 5N TWD,
Fle. TP IVIHMBOBLMELR & FR—OEFRBRICHEEL
TRHREINDOT, EVLHEXAGEDHRYS —ITEIF T
<\ DR HBHAETDIEANY —IxECk>TIF
OB EORIET 2 2 &< BIfELKITD T EBRD
5NTWVWD,

INBDOERICIGZ DD ICHELEMHE. 2012 FH5
IFIAVHITEMEA VN—=9 Ty JEBRICHEHT SNE

# [PM (Intelligent Power Module) &85k L TS72,
CORU. HEHDH 2 HRAER IPM (ZHA, 15 %

A A= B U Wit/ X R LU 7228 3 AR

& IPM P633C ) —X ) &RAF U7z,

2] HEEIE

B ICHBEONEE. R I(CES OB E RS,

MWD A >FPy ik £ 650V/15. 200 30A D 3
M TH D, PR LT, BB, (RANE
JECRFERERE. IR IERE. EBVRERRE. F S — Al
HREE L T\,

B3HANERIPM F. FEEBEREHKE 1 XD K
L—RATDEHRET DD ICHREMLIE 7 R FWD
(Free Wheeling Diode) Fwv THNEBELTWS, &
Te. SRS — YT L DHBEMEDBEMEZEZR LS E
B7HIC. #HTzICBF L7z 3ch—HVIC (High Voltage

1 TP633CTYU—X]

E1TE#EIEER 2021 vol.94 no.4

256 (34)



£ 3 H/IEE IPM TP633C U —X

x£1 FEI3MRNSEIPM TP633C U —X) DOBIEE{TR

B B T #%
ETRES 6MBP15XSK065-50 | 6MBP20XSK065-50 | 6MBP30XSK065-50
AT « T=ZwIRERE Vees 650V (max.)
AVITIER I 15A (max.) ‘ 20A (max.) ‘ 30A (max.)
ALT9 - T v IREIFIEE Verea 1.6V (typ.)
S+ 4 — RIESEEE V, 2.0V (typ)
HEAREBE Vi AC1,500 Vs
EGEEST v FEEBE T -40 ~ +150°C
{REEHLHE BETIRE. BEERE. NNBRE. BE7S—LHHN. BEHHIRE

Integrated Circuit) & LVIC (Low Voltage Integrated
Circuit) Fv 7= EHL TWD,

3 HANER IPM O/Ny o —Jld, 8 2 HRUNER
IPM & [H U AHE~EEE W43 xD26XH3.7 (mm) @ P633
T —=XDNvT—TJELTWD, ffigsfgd. UL1557
B ITHEILL TW D,

B4 2 (25 3 HAVINER IPM O gk & B3 (CWim
Wigamrnd. B3 HANEREIPM IF. 5 7 RO IGBT
(Insulated Gate Bipolar Transistor) & FWD O£ F w
T i EAR EICHER L. ZH o N—S Ty VN
HRUTWD, TOZEMAYN—4T Uy VEIEOO—H
< Rl IGBT ZEREI I 5726 D LVIC &, /N1 Rl
D IGBT ZB#Ej 2 72hD HVIC =) — R T L — A kIZ
#EH#H L TWB, HVIC IF. ZMHa% 1 Fv FLL 7% 3ch-
HVIC ZfH L TW3,

Tz INA YA R EIERICHIEHGUR M = R D A R A

||
N1 rEREIR
FTRIAVF VY (X3 @)

[

IGBT FWD DC/\R

o / <5

. 3ch-

—E®BRSA % HVIC m;
NAYA R N
ﬁ']ﬁﬂ%‘%/)/\ﬁ £—

777 1

NAYA R
HIEBEFAS (A
— \S
—E®RSAY
O—5 1 K
HIEES A
//;/ —

L

[1

[1

L

O—HA1 K
HIEHERAL

o

—
(RHEAER e
ES AT/

777 1

[

IWEE IPM

U— RI$F
LVIC, HVIC ZIW=EZOLDAV

BSD IGBT FWD U—RTL—L4

\
O il

U—RTL—L TIVE = LAEHRER

3 \EE IPM HEEER

DIEYLZE N L 7z 3 D BSD (Boot—Strap—Diode) %
BERWLUTHY. MERIPM OINEICO YT Y 3 %
fitd DT &K YN S REBENHOBIFEIEEA R T
Do THNITEKY . BIEHERR D IR 7 i B IR B DA &
xY . EEEOESAL & FEEERO/NLA T RETH Do

EIRKR(E &R/  X{EDMEIL

BERE T+ VN—F TP IV DEEIREICS T D A1 v
FyIBEOSHEEERAS IO T, IGBT BHiED Y —>
7F R Py, EXEO FWD DU A1/NU 8% P, THRS
N3 IGBT Y — 27 VEIEIC K Y FAET DEREIF. X
1w F VU TEREERD 68% % 15D ZEINFERE 75D,

DY —AVEREY ANUIBREEBT D7

CHRFERT | V=260 V. Ierme=2.4 A. fo=80 Hz. fc=6 kHz
3.0

25F

20

1.0 68 %

Pon —

A wFVITHEEL (W/module)
&

£ 2 H/IEE IPM

2 3 MHNEE IPM OEESER

®4 EENGAVIN—FIFPIAVDRA vFVITIEE

BT ERKEIR 2021 vol.94 no.4

257 (35)

- CEEHBEIT R I

NS BHIHFT 7\ X A —HE K H

~
—

Sriiik—a



- CEEHBETT AR I

NS BT\ X A —HE K H

~
—

Sriik—a

£ 3 /IS E IPM TP633C U —X

FHEEUTIE. AAMYFUIEEEEDHDIETHD U
MU TOFETIH. A1 v F U IROEBFEEE dv/de
HaE (EwdUA) EEYBE « DML TLE
S, TI T, dv/dt ZEIMS B ICRAA wF U THEREK
WD ENEEEGD, &3 HANERIPM TlE. F
7 H{RD FWD Fv THEEHICS A T LFF5—E R

U7 hEORETERELL. A1y F U THERIROEEE
dv/dt O ZE L U 72,

K5 22 2 RS L UE 3 HAR/NER IPM O FWD U
ANV EIRKREE5R T, 8 3 HAUNER IPM O FWD O
DN BIERFICH 1T D dv/dt 1F. 28 2 HAUVNEE IPM
([CEENRT 58% &k U BEHILE EH > 22 OM/NEE

V=300 V. /=10 A, T\,;=25C. V=15V

100 ns/div [P V¢ : 50 V/div

I+ 1 5 Azdiv

OAF —1
oV

(a) % 2 HLIE=E IPM

V=300 V. /=10 A, T,;=25C. V=15V

100 ns/div V& 1 50 V/div
L EBERSNA
| /e 5A/div dv/dt=2.2 kV/ps

(58 % KAL)

oAl ;
oV %ﬁd\ﬁ% IPM @ 1/3]

1 1 Ll 1 1 1 1

(b) %5 3 tH{/NEE IPM

5 FWD UA/NUEHERRDLLE

JEIRE® R5N%a<7%>7%, &7z« FWD O U A/NUEHR

E— Iy 1F. 82 #HARUNEE IPM [TEENRT1/3 &7xY.
E—UMERETcEBREEBEZEDEDHCE> TWD, T

NICKYEG [T F FWD U AN BIfERICEH TS dv/de
EAAYFUTBEROML—RATIZEWVT, 52 #HAR

NERIPM ICHINTHEEIF 32% 84 U, dv/dt (F58%

1R L 720

(4] ERENMEMIE LRIRMIEDGE E

FBOHES. Flo. OB TRELBE ) « gL
ICFED AR —YIE, AME— Y ZERL TWBSHIS
VPBEIRS A VEEELU TSR IPM ICHME NS (K
2)e COHMDNTAVEBRS A VOZTNZTNICHIIISN
BDHRT—T(THT BMWMER EICDWT, RIZHNXD,

4.1 HBHSA1D/« X MmEMGEL

HASA VICEBRB/ULRARD —TIiE, EEFLZIE/NT
Yo RERBHTIRD D Y5 V5 &S L TR IPM 0
3ch—HVIC OHNEEFEICERA L. 3ch—HVIC DOEHETED
ENUES A B SR T E BB,

5 3 BRI A R TPM 0 Sch—HVIC 1&. I 10T
RENTHE RSV I RGHBTH L ENIERE L7 &
S ([ HIHS B FEER AR U . SRy — 1T & B B T
RAEF ESETWS, BllllE 261 A— TR
IPM H 3ch—HVIC i ;] THENXD,

4.2 B|RSAVOBEXMEmMEN L

BIHS A Ik, HVIC & LVIC O FICEHRINTH Y.
N TPM OBUR WRED, IFA R AT FEERG E CHEW
T. #rE SR (ESD : Electro—Static Discharge) [Z
& U HVIC &723 LVIC D9 2t Ns 5. B7 (2
LVIC®OJOv U RHEK7ERT . LVIC O HEIE # & 51
[Z4 Y E—4>Y 2D ESD fR# R E R L. NS
NBERNEO Y —YEEZTRES T L. WHEHE
ICBBT 2BEBEZWESIE D 2 & THHRIEEOY —JIC

Voc=300 V. V=15V, [(=10 A, T,=25C —
_ 0.15
o
E LVIC
& O—5A R
SIEES AL Fq v E—
ﬁ o.10} . 2 ez
i 32% (& s AL D=t ¥ ESD {=:&
N = : (imezWM HIEERAS oIz i
i o E3HE o - 1 D
2 0.05 INSE IPM ! {REEHEAE o
§ ~ | ESAH/HH
. | —H—
a 58%{EH |
2 —}
[T 0 L L
0 2.5 5.0 7.5
FWD U H/\UBHERS ICHF 3 dv/dt (KV/ps) T IsEIPM
®6 FWDUAH/NUBNMERICHIFS dv/dt EBERDNLU—R ®7 LVICOIOvI@EER

z 7

E1TE#EIEER 2021 vol.94 no.4

258 (36)




£ 3 H/IEE IPM TP633C U —X

K BDWHEMFIL TWD, Fe. FERELREMRIEZ HVIC
ICHABL TWVWSD, INIcKY., F 3 HRNEE IPM D
HELANEN R, 8 2 HANER IPM [TEEAX 2 5L
A EU7 25KV &E7x> TWD,

(5] I7IV~DiEFRZHRE

REHI7Z7IVEREUREBREOYZ 2L -3
D%%%ESE%?OI?ﬂ>®ﬁ¢IXW¥—%E%
#F (APPF) IC KRS % 52 DR/NAHD S HRI&ER O
ESMFICHEWVWTIERM L Y BIRIBER S > TWD, — 7.
J A XFERFD—D T D FWD U F3/8 U BITEREC F& 2R
I BDE o XN ET D S TR O R BT R
. B9ICrd, #IMHANAERIPM FHE 2 HALYD
10 MHz ##g% h 1289 10dB (89 1/3) 8<% > TW3,
INDORERND ., FERET A, BRI A KR U x
S KIRIZ /A XHEERL TWD,

SAA—p — -
JARENGIRME TP EN T e
/ BRESA

/

—

LYY\
(:J\JP J4ILY @ £—5
ARA BE! IS
T l ‘l’ IPM
,MXEi i
L [ avsFoy T
ES =5

—ACER

10 BRI 7AMNSYITIVN/ N—ARAMZaZ5«

SHERDOESHERR

K2 DHEREEEIADIRER

HEREE (KV)

=/INBTE V=260 V. Icgmsy=2.1 A, fo=40 Hz. f=6 kHz
PSR | V=260 V. /crms=2.4 A. fo=80 Hz. f=6 kHz

10.0
9.0 M Pr

N 8.3 [ Pot
% 8of 76 7.4 WP
W’a O Pon
ﬂgg 6.0 | -Psat
i
23 40
w2 Or
E‘_v
ME) 20

0
FE2HY SIS S22 3R
PEERE

8 REBROYVIaL—YaVHERER

V=300 V. [=0~15A. Ve, Ve=15V. T,;=25C
175

150 E

125 2 HNSE IPM

10 dB {3kt

FEREE (dBUV)

100 |

=

£ 3 H/NFE IPM

75 -
1 10 100

EIREL (MH2)

9 FWD UANUBIEDSHEIKEERERBENER

) WA T RV F — 4 & %% (APF : Annual Performance
Factor) : 1 FEHITHIE L 12 BERES) + BEERES) /HBE IR

' B

1.0(15|20|25|3.0|35|4.0
21 NEEIPM O]l OO0 |0 |a|—|—

IESEE
3t NEFEIPM O] o o000 0] 0
21 NEFEIPM O]l OO0 |0 |a|—|—

aEx
3t NEFEIPM o]l o o0 |0 0] 0

O : BREMEIR L. EpEfkET
A ERENES Y . EEELE

Fz. 10 IR HBEHERICTERN I 7 AN NS Y
Yz b/ N—=ZAbAZa2=F kB (IEC 61000-4—
4) =TV, Ak — Y E R L7z, 5 3 HRINAR
IPM =R ORER TP 1V BMEICEBRL. /X
ARBHED SRZTBIF S VI —YHEESE TilE%E
TolfRER2IITT, 3 HANERIPM [F. 4kV
DL ED@EWASRY — 8 7 1 U 7= 5 S8 = BN
U CHMEMENFER T 8 2 HARNER IPM ICHAX,
1kV B EEW ./ 1 Xtz s, BEEIET I EGafE
TEDEAMER L,

6] HEMNE

AfETIlE. % 3HARNERIPM NP633C > 1 —X |
IZDOWTiNRTz, 26 7 R FWD Fv FHiffi 2 #H U.
FWD Fv JZ&RiE{bT D S IC K UBREFKE /1 X%
ERIR U7z, F7z. HVIC ZH#hd 52 & TH R —ID
BRI — I ENOWIEMN . FREIEER O M LB iEd
TECHY. TFIAVDHIREDT A VIIN—FLHBEA TN
AV FLwvd, J7Y . U—FRE—VHEEDRT 1 TH
DM GERICOMATE N 7> TWD,

SHE. THEDEIRIVF—(LEEICHIRTE 285
ZhFE L TWFTIETH D,

SEHR
(1) FmABEEH. FE2iR/NERIPM. B LB #H. 2015,

BT ERKEIR 2021 vol.94 no.4

259 (37)

- CEEHBEIT R I

NS BHIHFT 7\ X A —HE K H

~
—

Sriiik—a



QNAFFT 7\ X UNA—HSNH - TEBHBE  HF I

~
-~

SHnHE—a

£ 3 /IS E IPM TP633C U —X

vol.88, no.4, p.259-263.

(2) Ohashi, H. et al. “The 2nd Generation Small
Intelligent Power Module for General-purpose
Inverter”. proc. 2016 PCIM Asia.

(3) Kawabata, J. et al. “The High Power Density and
High Efficiency 7th Generation IGBT Module Realizing
Compact Power Conversion Systems”. proc. PCIM Asia
2015, p.410-418.

(4) Jonishi, A. et al. “An Improved Negative Transient
Voltage Noize Immunity for an HVIC using Self-
shielding Structure”. ISPSD 2021, p.299-302.

N S 5
ANERL IPM DOBHSE(CEH, BItE, & LlbtkAs
MR AT R T Y 1 — L.

P |

/NEEIPM OBAFEICHES, BifE. ELERKkRS
A B AR S IR T Y 1 — ViR
. ERPERE,

B &S

INTD =R N ZOBF - BREF TS, BITE.
L ERR A A R I S AT S S
EYa2—ILER,

E1TE#EIEER 2021 vol.94 no.4

260 (38)



BEEEHL - TRILF—IRIXV BT
=N R YAWERE 10N

RIS E IPM B 3ch-HVIC i

3ch-HVIC Technology for Next—Generation Small IPMs

P FEE JONISHI, Akihiro LUEE JFEE YAMAJI, Masaharu JBHE {Z7& SUMIDA, Hitoshi

IPM [FEHEBHOREBHG, U—/NHEBEGESEFIFGHARTHLLONTWS, ELERKG. EHEES A7 LARIFIT,
RO/ R IPM A 3ch—HVIC EffiEBIFE U7z, FERD 3 Fv T THRL TWE 3 F ¥ RILTDNTIH A R - F—h
RS EE (HVIC) % 1 Fv FICTERBLL. LRIV TYENTCY A RO T IUEEICE / « Xtz 2
ET. FYTHRBEHASED &L, AMvF VT /A ZXTHTBEW S 1 XMMEEER U, £z, BAF L 3ch-
HVIC O IZ & U HIES O REmMBE R RS EI U B 30% BHIIE L. /Ny o—IH o X% 10% M TE D,

IPMs are used in a variety of applications, including industrial machinery, home appliances, and power supplies for servers. Fuji
Electric has developed 3ch-HVIC technology for next-generation small IPMs for power conversion systems. It achieves high noise
tolerance for switching noise without increasing the chip area by integrating the high-side gate driver circuits (HVIC) for three chan-
nels into a single chip instead of using a conventional three-chip configuration and by applying high noise tolerance technology to
the level shifter and high-side well structure. Furthermore, applying this newly developed 3ch-HVIC reduces the mounting area of

the control unit by approximately 30 % and the package size by approximately 10% compared with conventional products.

FANE

IPM (Intelligent Power Module) I[&. IGBT
(Insulated Gate Bipolar Transistor) 7 & O & 5 A
1w F v IFEFE FWD (Free Wheeling Diode) #ET-&
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HEEYICB%E LT W S0 2012 4R IS IRERIED S — kK S
JN1IC Tdr % HVIC (High Voltage Integrated Circuit)
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BIFE L. BIETRREDAH v /N—FHAIFICHVIC &
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mILEHEH D EEBIT. Y AT LONEL - KO X MhI
HRT D, KUNLDOXIEARNEER IPM ZREHL TW<,
AR TIE KHARDNEE IPM OB S/ + X
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TR B,

}
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HVIC [#/\ 1 5« REBDRHD 70— « > J BT
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F U AT VER R T RETERMERE N EMZ S 2
O—F« Y JBEVBR TE D, #EkD HVIC ## [PM
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JDFWD Z#HE L TWD, Fle. EP—LD5— MK
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wafer processing technology has improved pn junction diode operation. In addition, by reducing the thickness of the n+SiC substrate
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2nd-Generation 1,700-V SiC Trench Gate MOSFETs

AE S5 UCHIDA, Takafumi
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Fuji Electric has launched a variety of high-efficiency power electronics equipment to solve social and environmental challenges,
such as global warming. Recently, we have developed a 2nd-generation 1,700-V SiC trench gate MOSFET by using the trench gate
structure of our 2nd-generation 1,200-V SiC trench gate MOSFET. It has a 60% lower specific on-resistance than those with planar
gate structure. It suppresses gate threshold voltage fluctuation due to gate bias and specific on-resistance increase due to body diode
conduction, both of which have caused reliability issues for SiC devices. In addition, its power loss during inverter operation is 78 %

lower than that of conventional Si modules.
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“UPS7500 WX” Large—Capacity Uninterruptible Power System

JBHE —IF* HAMADA, Ippei #B8H PBE$LE ™ KINUTA, Takahiro

B AT LD ST RMEOEFREEGI OB MIC L
U, AP TF—H 25— (DC) DEBZLAEZI TWVWD,
DC IF. BHGHEREMRE I 50— /NORSF - EHY —
EADAYI—Fv bR EDRMEZ o TDTIZH.
DC [ZHIF 258 Iaﬁih\jﬂﬁﬁﬁl”’*bnﬁg Y
TH Do

BEIE. DC DEXABRM A OBREIHDEAZEE
T—HBUEeIYIYZFPUY IR L. EHORERG
PAIXRIVF— (BIxR) fhe BAXR—ZKLICEHEBRL T
WD, COFE/EDHEERD DN, FEGEEDEIFRE
W ICHE BT MR T D MFEEFEE (UPS) T
HBo

W, RO TF I FEFRLICEBRAERLU TWBDNT
IN—2R—J)UDC Tld. BAFHAEANERE HD7=H.
UPS [CIFT B RERIMEB TR RDH DN TWDS,

LEEE. 2018 FEICILKRTE B OLEHIE ITHEE T D
ﬁ% 1,000 kVA O TUPS7400WX ] Z=F5e LTz,

ARG TIF. EHEBREBEREDS UPSEY 2 — LD WS
HIHIEEMEED TS v T — LM EILICBFE L 7=,
UPS7400WX O XA & 752 RERF{FEBIFEE
MUPS7500WX ] [ZDWTIBENRD,

,_‘\

Ol 45 #®&

AR UPS I&. #E VN —SHEHF R CERBEL NIV
DBNEHNFEEEI Uz, —H. HEHBELT D
BALTHY.ELE R TIE HE (High Efficiency) £—
REFATWD, HE E— RIF. BHEBFERNEHEGESIE
FMHAER > SEEAMICHEL. MEBEOMFEZEHL L
HRTH B,

1.1 BXEEk- - dAXR—X(L

AUPSF. 1 EH7ZY 600kVA DEBENEB|REY 1 —
U (W1,000mm. D900 mm) %&. fRIFmK4HEET
fHHAADE THK UPS DEEZ 600 kVA DS 2,400 kVA
FETIRTE D,
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2{FHF THIEY KUBODERA, Shinji
(B4 : mm)
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5 e
|
|
|
i
900 _

®1 TUPS7500WXJ (400V F. 1,200 kVA #)

FlE LT, B1IC 1,200kVA B,%E R T, A UPS MDA
MR IE. ERIES — JILDHIEE S HEERdT 2 AN
EYa—J (I/O-M). % EDSER/ N /N A [E g =
FEELHIETS 2 —J) (CTR-M). EjidsD1 v /N\—
SHEWNEUT=BHEHRES 12—V (UPM) TH .

1,200kVA # 1&. I/O-M % 1 &. CTR-M % 1 &.
UPM % 2 & TR L. FlE & U7z & S DIElE 3,500 mm.,
BATEF 900mm ThH Y., ERENLNILDTY T
Y hTHBD,

BOEADETHDEFANR—AEZRECLTVWDD
T, BEAET D ET. THGDIEAR—2EITS
ENTED, Fle. AR T EHED T—RHBBREETOEHE.
I[/O-M DB % R ICHAADL T &Ik > TI/O-M
HAREIZ/xD, TNIZHKY 1,200kVA #I%. CTR-M A*
1H. UPM A2 HOfRKE 7w UL I®@IE 3,500 mm A5
2,850 mm [N TE D, UPS ¥ A5 LDEZAR—2{UIC
FOTH—NIEED IT BEMDBEEAR—ADNIRKRTET D,

1.2 #HBEAR

A UPS DI/ /X2 [E# 1%, B2 2739 HE E— K
MEY 7 (B2() F=lg/NATUy RE—RMIES
7 (B2(0b) HERTESD, HEE—RIHY 1 TD
[EI AR &, UPS D&% Hi 1 B % 8 1 (@ FE o D ik
HOUTAURY, BECEEB v FOEFIEEE TH D,
—J5. FERBEHADHBINA TUw RE— R3S+« 7
[ IR T BT 62 0D 7= o | 6 IR ] 0D 308 T 3 ikt oD L 3% ¢
U1 U Ry & B v FOMFIEE CH Do
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(a) HE E—RFHmI1F

ACSW

(b) NATUYRE—RHHI AT

2 #aEHAR

REBHRLU TWT, BEDEIL9I84% THD, DEE,
BEEWER ERDIRAEICH B

(a) FEFaMOEIE

b) PUOF4TTAIWIEEICKLD A VIN—5DIE

B & R AR DI
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WD IFE 7R E

Fitt—. HE E— RPN /NADBFREEDY 1 U R
SORIMEMETDE. 2 ms BLNIC 1 Y NN—FFFEICY)
UIZ %,

FE TS U TRbis g 2 N/ N N % EIRT 5 C
ET. BEOWMBENLERANTE S,

1.3 =ESEHEERREE

DC OEFMEEED D EDICT AT LEILRILL TWS
DT, FHEKRD UPS DATTFEIE 20 ~ 40% OHiFH TH S,
COAMROHMIF. BmWAMEOEAICHAN, HBEIC
HEHMEWN, R UPS IF. B3 ICRTLDICHUPM DA
fif R {E U ARAMRIC I3 HEBR A EE UPM =12
IEUTEHAGHZRDS LT, UPS DML EWET D
I3 B AR BE Z R > TWL D,

1.4 EHOEHEsE

DC IZHIA L7z UPS (&, FREE#HRER & U THRBODER IR
AVHIVT 0 Y IREICK > TEREAR T 8 I D EfkE
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ﬁ
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J . » DC DSER
< M =FCiFENC
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(b) #EEBRRIEFD UPM DIEELH

3 RBSEEKEEIC KD UPS RIEDWE

BRICHBGEBRBAMZIHEL TWE, NI L T &R
UPS (&5 L WD BEBHEIEEEZE S & & CHREA R
MAECZxY . RO BT R{LEEHL 72,
FERFHIIRICIRT EHSY TH D,
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RKEEREFEEFFFEE TUPS7500WX]

#F1 TUPS7500WX1 (1,200kVA #%) DEZARLER

TN TWz, A& UPS Tld, BEOE &M
720, HEBEHH UPS OENBERGE T EEY.
REETEIEERIE 10% ICHIRTE S,

1.5 SEIEEYATLE

UPS I&. ¥ AT LD —EZRDFHEE %R T HER
R ESE37EHIC. EHED UPS THKR L. TIET S,
INIZE Y. DC DRFOEAREZ T TH<. LWINHOD
H— UPS THEAFKAEL TH. UPSYRAFALAELT24
B 365 H. ZE LU HEEFET S,

1.6 2'O—NILEER~NDORG

feR. HAREWIZ=AM 3 MARD UPS BEWMTH > 72,
WEAE, EALDOKRTF DC H¥E1E. HARENIC DC & &8
FBEIC. XY —IILTHO—/VIL TEHERTE=1H 4
MAREBERT D, AUPS IF. CDEDIHFERICIERD
=8, EWEEIE 380 ~ 420V, ZMH4mAREOHEEL
TW3,

2] £ #®

UPS7500 WX (1,200 kVA #%) DEARLRZRT TR
ER

FEoThHA
20214 6 A (1,200 kVA #)
DARENERF65% (600 KVA. 1,800kVA. 2,400 kVA #)

B B t #
WESA > N—IHEST (VFI)
5 = HEE— RELEN\A T U v RE— R
(VFD)
THEE 1,200KVA/ 1,200 KW
W3,500 X D900 X H2,050 (mm)
B (I/O-MZ D)
SR W2,850 X D900 X H2,050 (mm)
I/O-MS% )
HEEENE 96.6% (VFI). 98.4% (VFD)
E4RESRS WERME (VFI). <2ms (VFD)
u B 3.450kg
| =18445
B F 380V. 400V. 415V. 420V
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ANHE 0.99 GER) LLE. 1.0MF
ANSHEER | BE3%LUT
| % =HE3ERE =184
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EREE 480V
ERAS
B = UF LA VE. BB
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ey 50/60 Hz
I 07 GBR) ~1.0
. B £1%UT (EETE)
BESEZE® | +3%UT (@EREn)
| 2%LT (AR
BEOTHE |5 5oL (EC 62040-3)
. _ 125% : 105, 150% : 143
B HEBRER)
EERE 0~40C (#2825C)
® o
AR 5~95% (BEEETL)
e Web/SNMP. MODBUS* RTU.
BEZO 3 MODBUS TCP/IP

* MODBUS : Schneider Automation, InC.DEIEE fz & EfRFEE

(/5B
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BEIVSDHDEET

=L ERERRA
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EGCS loT / Remote Monitoring System

pEIES) B * KAWAMURA, Satoshi

AR, #EEEEME - oMM T O0— RNy REFoD
ERHDBHEITEA. W LZHTITIMM T, EETE
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k> THEROIFEMEZHMRT D MQTT (Message
Queue Telemetry Transport) HFRE#HMHAL 7z, 1oT U
L —# EEEODTIH T D E E OB, — a1 >
Y—Fv MEREESERIC. BEIP P RUADT T4
IWhT— I TA G ETREITNIXRET T3,

3.2 # &k
[oT UL —RICIHRPEREEZHECTS enTE

BEIICTBEHIT. RDTDODEEND D,
(1) F—9FEFU b1 Hhe
BHERBEANTECGDITEICEL > TREVRKL2E
B RORBBYA IV ITICTEDE TRMETDIHETH D,
(2) BEOUREHRE
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MO SHERREEL CORESNET—YIE. ELE
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B&5E (RS TE > TcE/RHEEE)

5G 5th Generation 55 HABIEFES A5 A
APF Annual Performance Factor AR T RIVF— B
BSC Boot—Strap—Capacitor

BSD Boot—Strap—Diode

CBM Condition Based Maintenance TREBFEHE R 42
CCM—-PFC Continuous Conduction Mode—Power Factor Correction EYLESGE — N RWE
CISPR Comité international spécial des perturbations radioélectriques  [EIBRESREEER T B &
DC Data Center F—ItEVHY—

EGCS Exhaust Gas Cleaning Systems PEAAHLS A5
EMC Electromagnetic Compatibility EAGAITRVAE

ESD Electro—Static Discharge

EV Electric Vehicle A H B

FWD Free Wheeling Diode

HEV Hybrid Electric Vehicle NA Ty REBE
HVIC High Voltage Integrated Circuit

IGBT Insulated Gate Bipolar Transistor

loT Internet of Things

IPM Intelligent Power Module

IPS Intelligent Power Switch

JBS Junction Barrier Schottky

LVIC Low Voltage Integrated Circuit

LVRT Low Voltage Ride Through

MOSFET Metal —Oxide—Semiconductor Field—Effect Transistor

MQTT Message Queue Telemetry Transport

MSPC Multivariate Statistical Process Control 2 Ba T T O AE
O&M Operation and Maintenance

PCS Power Conditioning System NDO—aYF 23
PHEV Plug—in Hybrid Electric Vehicle T4 N+« T Uy RABHE
PIV Particle Image Velocimetry AR RITINCI7 TR LRl YIERES
RC-IGBT  Reverse—Conducting IGBT 3EE IGBT

SBD Schottky Barrier Diode

UPS Uninterruptible Power System I 52 R 1
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