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Change from Differential Equation to the World of Partial

Differential Equation

JNEE[E |[ET] OGASAWARA, Satoshi

EBEXRZE KREFIBHA P 8%

ND—IL OO OADERIF. REBREHWE
IKERBEFRER DR AR 5. FE LT N7z SCR (Silicon
Controlled Rectifier) F7zlEHY U X4, HCOHEIKEES
ZHITB/INT—hSVI AL JNT— MOSFET (Metal-
Oxide—Semiconductor Field—Effect Transistor).
GTO ¥ 1 U A % (Gate Turn—Off Thyristor). B &
Ji < ff & 1 T W B IGBT (Insulated Gate Bipolar
Transistor) \N&. NT—F NN+ ZADEEHBMUDOBICDN
TRE<HEEL TSz, THITHEFEFK. SiC URILIFWER)
P GaN (ZILHUIL) HEDTA RNV RFE v v FE
EAZEHWEZ/ND —2BEERT N ADOERDEDD E LT
HBY. FTFITARETEHBEZRIFEDELTWD, /ND—
TLobO=Zo2EfilE. XD —FNAADAA v F T
BEICETDE. Eh0EE (BE. &R, FAERaE) =
2= - flfl T DE AL EEARAE L THY.. DA
BEZE. B B EDFEIIICHTIN TWSEZIFTEL.
BECIIEBHE, RE. EBFEHEOMA (CETEDIR
HAFFADNIAD > THY .. SOE&0RBEMES > Thi#
ERYEEI0Y

NDO—T Lo hOZIAEERICTHWVWT, INT—F /31
A Ay FEUTHHT D EWDEBEE, AR
BIEFTER<ED> TIFEWEL, UL, INT—F/31
ADFRBOERE EBIT, A IREBOEERE T ORI K
DEFHIEOERE . A1 v FUITEHEOEERMICED A
1w F U TBEROEED. X HGE<EDI>NTSE, R
[CAAwF IR ps A— 4D 5 ns A — I\ & KIR
([CERE LS. FIHATTRE R R v F > O R B BB 5 R
BHD MHz A —INEFRELENES &L TWS, R
a1 v FUIREROERECEIY, 1505 NSV
A Fr NV Y EEORBEGHONEUEDEBTTET D &
Mo NTD—T Lo O U 2Bk IFET /AL, i
Bk, BIIFEMOFAICHD > TWD, EREEDOBLED
SlE. NO—TI Lo hOZo ABEROESERN & H M
IF. ADNEHEE FIRFISER T NS HEGHETH D WwEIE
MizE R D LTIFE. BRI S T “BMREO TR
H” EHWZRESMORNOMNETH D L. HiEIED
REODMBETH D,

—J. INFETIFEAEEHLSINTWEERT VY08
VAR R G, A1 v F U IEEDEEMICEUFN
AADAA Y F U TRFED A v F U TRRICH U TKRE
FHEERIFTEIDICHE>TETVWD, TNHDINT A—
YlE. FEREEOFERMICRET <EEFEL THY. HEIRRD/N
B 7O B EMOEELIZEEREZ NS E 2 HEK
IZH®7FE>TWD, LD >T. ND—I Lo hOZO 2
BRDETHWVWTIF. BRAEBNGFRERZ T T ER
W, EWFHEE T EDBRRANGREBOMLECE>TE
TWD, Ffe. R0 v F VIR OIS ERY =
DEARAL, IR IBLDERICH %> TH Y. 100 MHz
=S DREBBRFIRICE THEEL5 X DT ENG D, i
ZI1E. 300 MHz Q&R DHEEIF 1m T, TORESIH
5EZZENTD—ITL U OO AR OWRIET > F
EEZFIITNIF DT BRADREDSLEICE> TWD,
THIC. BEBMOIRE) - BEE 7 E X DEDICIFIFEDES
(Z T BDRENBETH D,

NDO—T Lo bOZ U AEMOFERCKIY. HERHAWNT
Wz EBRAME. RERBIEG. 1220, BB x E OERE
BNGEET VDA TIFHRERT I ENTEE<L%E>TH
Y. Eiks (BEs. 8. SWEGEEEED). 8.
EEIREDB D KD 1553 i B E D D WIF RN EET IV
ZHAWTHRZRSHTINFESE<E>TETWD, &
NeEETEEB/ITDIEIF. —RREFHEZEITEL DD
LNxW, UH L. BIEOEBERETIVIFWIT NOHMT
HERTRIN, BHEOTHEHETIVIEWINBIRBS
HBERTEINTWDR I EICEBNBIETH D, JEH5,
HigDYBROHER TH> ThREUBOMI HERS D0
FRM T TR TRINDIBER THONIE. PHEE ANE
ZABFIFTRBROBEEBEL TWB I EIZFEY., o
HRENIUBGICTEDIFIT THDIHD THD, INHHD
DEfliEF. BiaDBERMEEEOLNDVILF T 1 Iy T AN
oy RO SR RO RAR AR L T /ND—
IO MNOZORAEMESTOICHKESTH TWEESZVLE
> TW3, 5ICIT D Al s b@&a LU TTRILFE—
VRIAVNCHBRY DS OEBEFME LT, ND—T
Lo ~OZ o AEMANERURITDZEZHE> TWD,
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Power Semiconductors: Current Status and Future Outlook

KfH ZFZ ONISHI, Yasuhiko =iR FBE MIYASAKA, Tadashi Hll # Ikawa, Osamu
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LOEBTEML TN T & AR ORI R . Eou_r |04

BISAF 1 — Y EED KB T SDGs &4 af%&Jb .
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L. HIERIEBE(LE (XU & T Bk - BUEIED MR S ‘
RICHYFHA TWD, TDED HEGHA%EEL T, ] \"" %
\ EI

B2 A E RS - i - B A R (2 o J\‘
2. A - B ORI 2 DRI EIL T UL %@
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1
~~ S o1
Sol ,lq:‘esl_‘ﬁfﬁ
B ?‘_‘gﬂf/ NEEHE T

LEEARY HOBRERED D THD KR E = -
ﬁ%@%ﬁ”@t%ku\ﬁﬁﬁﬁﬁﬁ%4>7ik
ETFTFHEIATALATHEDODNTWEND—T LD
hO=oR ONDIL) BEEOERMLNSBETHY.
INBEEHT/IND —FEAET /N1 2D MR EIFIE
HICEHETH D,

X1

Eﬂ]

TEED/IND —FERD RGBS

(Insulated Gate Bipolar Transistor). ZDfhTF
FEER DB NEMRCHNWDI A —/N—I v U3y
s ~MOSFET (Metal—-Oxide - Semiconductor
Field—Effect Transistor) ZBHF L. 2L T3,

SJ-MOSFET Tl&. EHEHRERRZITTE<. HEHED
IVIVUDRSVRAIvI Iy, JL—FxEDHIH
> xEV (ESE)fL B ) FH Fi AR D 5 28 #a D i)
HD7=H DHABBBHFAE DR EED TWVWD, THICH
HHAETIE. TVI VPRI VRI VI I VIEEDIN
J— kLA YVOME/NNIL T IxEDEREIERAE > — 7
7 #lf# 9 B IPS (Intelligent Power Switch). 7V

BLTE|ERO/IND —E(F
EHLEEE B1ICRTRDICHBIEICTEHRTE
Tx/ND — 2R INA A= REEL TW D,
INEBRBEROSTFTIH. TFIVHEEREBEHS
DE—S RSATY2A5 LIICHNSD N R IPM
(Intelligent Power Module). /XD —3 > 1 < 3
7 (PCS : Power Conditioning System) > fit {5 &

BIRE

15 & DEAZWIC N BEEF « 22U — - IGBT

& (UPS : Uninterruptible Power System)

Ck 3)

DV HEOWATF -
kS>2A=wya>y, NTO—RFPYVT, TL—=F

PESR O A R ERBE D, T,

(1) IPM
Intelligent Power Module D#§TdH %, /N —FE
BT IR BRE R, CRAE R 7 P L 72/ 8D —
EI2-ITH D, HEHGFOAHEZRKETETD b
B OERBIE % WD & & TN — AR T O
BERKRICIHSHT &N TED,

(%2) F4RTU—h
IND —HEEFEF D IGBT ©> MOSFET %= 1 ¥, &
TIFTNITHEMFINC S 7 — RHASNIZ 1inl &
WD BB A S RS B S0 — R BES /N 2T
BB HRlE. WHINICEY L+ 7Y hhiE> TH

YU, TO-220 » TO-3P x &ENH D, NERY 1T
@ PC IR, MEEERKE, W7« AT~ b
BE—4 Ol & THEHDNTWS,

(*3) IGBT

Insulated Gate Bipolar Transistor D#g CTd 5, &' —
~#81E MOSFET & [H Uit ¢ BRLW gk i <
BN — MfE R DOBEHEE T /N A TH D,

MOSFET ENAR—=S SV IRAYDREFEEDL
HDTHD, A KR—SEETHDIeHDIREELTH
ZHWBZENTEBRD T, A YIN—IADIGHIC+
FIEAA Y F U IHEE REME - ART P IE WL T

2o

(*4) SJ-MOSFET

RLA > V—RBEBAHHEFOX HTH ICTERR S N B #E
1S — MOSFET [ZH W T, RERIFERED n 8
TRUZKMBZEERL TWE, ThIZNL. RU D
N % I 7x pn A S AREIC LB OB A—
IN—+ > 3> (S]) -MOSFET Td %, SJ—
MOSFET I&. #3#D MOSFET & it L T, ETF D
MHE & 7 M AHHLD b L — R 7 TRt % KR IC %5 T 3
TENTES,
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HEFTDTESFTGETEBOR T v F > JEIRZ
g B/ND—IC =hIFE L. #EtL TV S,
REEHROSTH Tl WA N—5, LIE#E
WOOMRY fDOY—RE—&HlfE. EHEHTFXZ >
DE—ZHlfE. UPS DB HZEM G EICHWDEHM
IGBT E¥a—J)LZ&BFE L. L TWD, FHhAH
JE DR EEER _ED 70D HELD#ED S X5
LTEFRAND —REEROFBHEIFIEKRITDIHLDER
AENTWVWD, HEHE TIE. xEV OF— & #lf#Hll 1
IGBT E¥a—J)LZ=BFE L. REL TS 72, HAKHE
THY U VHEALS XEVADT T NHBEFEY. 5%
HFH/ND —PEADOFREIIERT DD ERAFEN
TW3,
REBEROTH TlE, BAOFKBEOA LY —F—F
BlxE OBEAEME I RIVF— DB LR, gOEHEM
DE—Y DAZEHRIFE TH WS IGBT £ 2 —I)Lix &
ZRAFEL TIRMEL., BFOITI vy 3 VvOHEBRICHEITE
AL TWD, F7z. BEfFD> U3 (Si) /N1 R &
ol U TRBRDEME. SREfE & L > 72BN 7R
ﬁ%ﬁo ERMARDIND — LA TH B RMITNWFR
Cslc) INTD —HERT N A=BFEL. RBEL TWD,

IND —HE(RDRAFEIRS
TERED/ND — GRS (T BT DT DR E
%ﬂbTit@éo

3.1 xEV@ElFIGBT €Y a1—I)LDBERM=EDGE _E

xEV 15 IGBT 1 —JUld. SN, w
%l EHEEIEEERT 3D DE—F/N1 2T B,
XxEV 617 IGBT /ND —F T a2 —JVOEFED—D (2
Wit (Pt Hitt) O%kEAd S, SH. RC-IGBT
(¥3E5E IGBT) A L. <5 (C RC-IGBT RiH&E
O EEANDBEFRE KD D A PR F 1 > (D1
) HRICEDY U—RTL—/ (LF) 53 &AL,
FPtiitE %=l FStE7z xEV /@13 IGBT €3 2 — L% B
U7 (E2),

2 xEVEIFEI1—IL GERR)

RC-IGBT Tl IGBT #ili & FWD (Free Wheeling
Diode) ATV Fv 7 EICHEURAENTH Y.
FWD @150 FWD % 5 O F 8 (% IGBT % & %
7= R AEIR TN S B 728 FERD FWD [T i T Bk
FIOME< 72U . PtIHEAT Y S,

Fiz. PtiHEIFBRASFEICBKES D, €T T
LE 531 & Y F v T & B & OB A HRE R
SET Rt RER Fa B, TP ARERME LR
{5 FWD & IGBT 15753 IGBT £ 1 —JL (56K
F) ICHA. LF 5% M U7 RC-IGBT €Y 1 —
U (BAZERD o Pti&E 2.6 fFcrm kL. & EiE
BEO XEV 13 IGBT £V 2 —LEEBE L7 (210 X—

. “XEV mF IGBT £V a2 —JLO@EEF MO 7
Z),

3.2 xEV@EIF/IND —HEEFEY 1 —ILOBEEKSHE
fitg

XEVODE—FHIFEHICHWSD 1 >V /N—9 21w k&
RENTEANR—RICEBRSND2H. NEIHD DS
HEOHHEEDOE S, KREZ B L st 2hEm
EigpERRHEND, TNSDERICKL. HESDE
B> A5 AlFKIEER)FERD LSRR MEzEHIE U
E—YEAN=FITMA. FPRY IR EHETD
*ﬁuL\%**ﬂ’zwb&z?A@Eﬁ%ﬁiﬁ%fbb'cuéo

LEEIG/NND—FET a1 —ILIZEVWTH., CDHIR
7—1A(_ﬁ§ﬂﬁt;d\§2- ARG, SEEETERL. BR
D OMITHEICENTZFILE Z O LA ERA U

(5) SiC

IFWHE (Si) &RFE (O DILEWTH B, 3C. 4H.

6H 75 &% < DFEMLIEHEIE L. &L > T
22~33eVDONYRFr v TE&RHFDIDTVA RFr v
TREEE L THDND . HBHEEE D #REE N

FWEEND—F N1 A& U THAEMEER D=,

FE - ARHER - EREES /N1 ANRBTEDEL
THEAEDED DN TWVD,

(*6) RC-IGBT
Reverse—Conducting G¥#3E5@) IGBT DI TH D,
EYa—-ZBVWTHTHEDOND IGBT & FWD =72
VF v IMLUFET TH B, IGBT #i& FWD A%
HCEIET D THREWECEN. EY2—ILHDF Y
THEHIRTE D7, IGBT EY 2 —I)LD/NE{LE
IND —E R EIC DA%,

(x7) FWD

Free Wheeling Diode Dl TdH D, &5 14— R
EBVD, A YN— I EDBIEBEFEFICHNT,
IGBT &iis(CEfi s . IGBT =7 7 L ZEIC 1 >
S8V ACEZ BN TRIVE—EBIRINETRS
BBHRHEHDS F /N« A TH B, SiDFWD &L T
EITEDHDNTVWS PIN YA A —RIFDHEFTUFD
JAWRNAR—55+1 T TH B, IEHTREFBTE
ROEERE T E2/hS< TS TDS4r. WEEHER
HRE< %53,
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100 |
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*DWC : Direct Water Cooling (BE#K%) o -;‘/fH},}/:-

3 EBRETIVEESF/ABRYDT « IR—RETIK
(2

EBKR ST —EY 1 —ILEBIF L. BEEL TS,

1 HAREEAKSHEE CIRISHIHRD T 1+ U NX—2AN
BURPLEMAD 36% O TH Y. MEMEREZEHE L
TWB T EBWBET> S al—>avIicko> THLD
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TNIEZDOEIEPLIFIET Uy EY a2 — IV 0 EEST
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T4 INRN—ADESH G DIRESLETE>Te, TNHZE
Mg D7ZH. E—h>oETH—9—TIvTwv b
LU D A —9—I vy T ¢ R
ZHFE LTz, T OMETIH. fERO—A(LL TULEW
=TT 4 UG IC AR TH AR DL E RS Tl
HTBDZENTED, I3IC. BHBORKYDT 1 >
N—2ABSEKEEZEZR T, DA —5—I v v b—&k
BT ¢ UREETIE. [ERDA—T > T 1 URE&EIT A,
20% [CFE TH< UTHHN 150pm KL FFE TKY %K
MTED, MIEEEREL DD T 1 U RX—ADEIRS %
B U 7z,

Fiz. WHBRORYDRAEDHE, D4 —5—I v
T bR EL T ¢ UGG — T T o UREEIC AN
T2 EOREY « JIVIEDSG Y. EHEMEL A
ELUTWS (214 R—3( “XEV [qF/ND —EHAEE
a2 —IVOEEKGEM S8,

3.3 EEHFASE 5 X IPS TF5202H,

IPS [FH 1B E L THWSHMERI /XD — MOSFET &
I - PREEMIEE Z R T DAL/ ND — MOSFET & —
DOFvY T EICEBLUEZHMETH D, SH. &l
il A L D/NEL - EIREMKICE#R S D AMP i IPS
FF5202H ] ZBF L7z, 8B S5HMRIPS /N1 - F
OtAEMZHRHAT S & T, EARERZEHRLUZE
FF v I A XE/RKHT A5% HIJE L T2o T DGR
/NEL TR EE I N 7z SON (Small Outline Non—

Ny o —JEE
45 % KR

E—IL BHEEE

//7/TL

kY

U—RTL—L4 /
(FAIN R)
HILS A > T

E—)U REIE Fvr

).

/émf

TSy hU—REBE

FvF

4 )Ny T—I DR E NERBIE DR

leaded) Ny o —JIZHEEITDIENTE. v —
JHEZ 45% HIIE L . BdEizE 80 % R L 72,

B4 12, F5202H AME & PESHES % RER & Hillt L
TAdo RICRIRBZERSE. BBl X5 LD
BUICEHBR T D,

(a) FEARMREZEMERF U723k, Sl - CREERIEE DD

ki

(b) ANEITEWBEMEZRED SON /Ny o — I DR

i
() EREAXRPZY TZNEKL. EifEExARER
EEZYIT D EHTEE
(d) BEERE T,; DERKNERKZ 175°CE L. &l
BRI T CRIMBIEN IS HE

(219 X—[ “EH#H AL 5 R [PS 'F5202H "
Z|)

3.4 871X Y U—X E%M 1,200 V/2,400 A
RC-IGBT €Y' a2—IJb
LB, Ty TBE Uy o — O
B> 7R XS U—X ) IGBT €Y1 — L%
BEAL L. IGBT EY 2 —IL DL - EEEILI
£ BRI —EEMEEBL TS, &5(C. IGBT
S FWD % O F v FAb U T %4 % % % L D
D, FYITEBIO =Y IUF v THEHIPMER TS
% RC-IGBT %P L C= 72, 7] XS U —
X EEF¥M RC-IGBT ('X >~ —X) RC-IGBT) £
Sa—J)UTClE. B7HAXSYU —-XIGBT €3 a1 —
WDF v FEM. /Xy o — Il & RC—IGBT H i
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V=600 V. /orms=1,200 A, fo=50 Hz. fc=3 kHz.
3% =0.9. ZFAFL =1.0. ABERE T.=50C
2MBI2400XRXG120-50 Rson=0.22 Q. Ruo=0.22 Q
2MBI1400VXB-120P-50 Rcon=1.0Q. Reoi=1.0 Q

2,000
1,800 | 1,650
1,600 | : P
16 % KRl
s 1.400| 1379y 16% 6 {EE 5*
< 1,200 on
P
ﬁ 1,000 | off
B 8o0f
B 600}
400 | Psat
200}
0 1
XYU—2 VyU—2

RC-IGBT E¥Va—J)b IGBT €Y' a—I)L
PrimePACK™*3+ PrimePACK™3
2MBI2400XRXG120-50 2MBI1400VXB-120P-50

* PrimePACK™: Infineon Technologies AG DR fz 3 B iR E1E

5 IXYU—X] IVIU—X| REBROLELE

EAADE TS BABE/NT—BEEEELE, &
E1N RC—IGBT = ## U 7= 1,200V/2,400 A & 1%
PrimePACK™ 3+ %BI% L. RAUCHMA T2,
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Enhanced Over-Current Capability of IGBT Modules for xEVs

= BESZ HARA, Yasufumi SH 22— YOSHIDA, Soichi F_E XEH INOUE, Daisuke

EAE, BIRIVFE—LD CO, HEHMFITREWN, HRZE TN TU v REABEDESREBED K D HEB{LET A\ DY)
HZ AR L TWD, BEMLEM O VN —& (TR SN D HEIR IGBT F. BAEIFICHAE L ZBERICH T BhE (7t i
B8) omEAERIND, ELEMEIE. RC-IGBT ### L. & 5IC RC-IGBT RHEEMD BN\ DR iE ) — K J L —
LAREL T, PtiitEZEm LS xEV B@IF IGBT £V 12— VAT Lz, #EROBEE TIRER FWD & D+ PRy 5+«
VI EBDARERHALUTWEA. RC-IGBT &U—R T L —A%HIAEDOE#BEICKL> T, PRED 2.6 5 EUTz,

In recent years, measures to achieve energy savings and reduce CO, emissions have accelerated the switchover to xEVs, such as
hybrid vehicles and electric vehicles, throughout the world. The IGBTs used in the inverters of XEVs are being required to enhance
their capability to withstand over current (I’t capability) at the time of accident. Fuji Electric has developed IGBT modules for xEVs
that use RC-IGBTs and a lead frame to connect to the circuit of RC-IGBT surface electrodes, improving I°t capability. The i’t capability
is 2.6 times higher for the new structure combining RC-IGBTs with a lead frame than for the conventional method using discrete
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TN, TOEE. E—YDHRENICKDFEIVFTY
YOWEEILT BEH. PUOTaTya— b —Fv
~ CASC : Active Short Circuit) #lfIAM@#E. ETFFP—
ILEBBHDIGBT Z# ONREEICT 2EEHHD (H2),
HEV © EV O#EEZRET D7H. Ny FUHNEEBFEL
FRMEAICH D, TNITHEWL. BE—Y DEREIEEA S EE
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£ THAET BECKT D IGBT EY 2 —I)LD FWD F v
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(1) Nakano, H. et al. “Impact of I’t capability of RC-IGBT
and Leadframe combined structure in XEV active short
circuit survival”. Proc. PCIM Europe 20118.

(2) WOBEEIED. YAIVRN T Uw REHRC-IGBT. &
EHH. 2014, vol.87, no.4, p.254—-257.

(3) Otsuki, M. et al. “Advanced thin wafer IGBTs with new
thermal management solution”. ISPSD 2003.
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Direct Water Cooling Technology for Power Semiconductor Modules for xEVs

EH X TAMAL Yuta I TS KOYAMA, Takahiro

. F  X#f INOUE, Daisuke

HEIHEE TIE. BEAEBHHEETIEREEE (EV) DN T Uw RE (HEV) NOWEZAIMELTHY. cnd
DEBETIE/HE - #H HAD, BWMBEEEZR DT —EY 1 —ILARHDENTWVWD, TNITIHZAD7EH. ELEHIL.
E—haooEDA—9—I vy b EMULLREBEKSEEZFEL. R ITHIAMERZHEL TS, TOH
EICE> T FEROA =T T« UEEICH U THEASROERZNHI TS E— YV IDNX—ZEST % 20% F THEL
L ChEERED A B & 2 5 EOREY« VIIVMEEEE L., BEEEm LS,

In the automobile industry, the switchover to electricity-powered electric vehicles (EVs) and hybrid electric vehicles (HEVs) has
been accelerating. This has increased the demand for smaller, thinner, and more reliable power modules for xEVs. To meet this demand,
Fuji Electric has been developing direct water cooling structures that integrate a heat sink and water jacket. The cooling performance of
the structures has improved with each successive generation. Compared with conventional open fin structures, the direct water cooling
structure can suppress cooling unit deformation. This characteristics allows the heat sink base to be thinned up to 20% to achieve better
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heat dissipation performance and increase the temperature cycling capability more than twice, improving overall reliability.

1] FAHE

EREY = v b TERIRS N7z R nlse 7 b HAE (SDGs:
Sustainable Development Goals) O 3 % IZ 17 [F. b
FRIRBIENEDT=H D CO, PR B DHIIRASE T RIVF—
PHALZETROS>NTWD, BEEESE TIE CASE
(Connected (O x> w K). Autonomous (H Bt
Shared (=7 U > %), Electric (B#fL)) #+—7—
REUVRRSHEEFEPEWZ WD, B TIFENIZH)
HBEEUTE—Y TEITITDIEREBE (EV) ©/HN1T
Uw REBIHE (HEV) NOYWEFHEZDMHEL TWLWD, D
E—YHHEICHWD A > NN—95 1w MMEFRSNTEAR—
Al ND 7z N - HEML, RRE (B8 =8
U 7zE k. BER B EAROEND, NS DEK
[ZIBRDTeH. E—FEAVN—FITMATFFPRY IR
ERA T BH L WEE LY A5 LADBFENEFIL T
W2, WIO—EYa1—IVZHEVWTH. TOHY AT AICK
W7/ - ERL, SEEE TR T D - OBFEEHESD
TWd,

AR TIE. xEVEIFND —FEEEI2—ILDE— b
o oEDH—Y—TJv oy hEe—FfLLTzOA—5—
Ty oy b—FET ¢ ViiE (Integrated fin) D/XD—
EYVa—IILOEBRE L. N - AL SLOEEEMER
fiiE. BWiA> a2 —> 3 v%af7D> L CEEGRNOA
HLEMTIC DWW TR B,

EXSHOEHAEEKSNTD—EI1—-ILD
L2 R &S

E1ICELEEBOBERHABEREKE/ND—EI21—ILDE
HNEEONL Y RERYT, cNEFCTELEMRIE. BEHD

=
o

® 7IL="0 hAEEKS
¢ SHEEKS

Si-IGBT E#E A
EIa—-b

(o]
o
O
N
1=
A G TH
%ﬂé
\
1
1
\Y
\
1
Ay
A |
Al

I
T

N
T

BB
o
A}
7 \
(74 10
4 1
1
1
’ 1
1
\|

0
2010 2015 2020 2025
(%)

* HABHBELE : 551 tHR7IL= =D LAERKSND—EYVa—IbZE
1 & LBEOSHROBEHFBEL
ZBHEE (KVA/L) = &RAHEHES (kVA) / TV 2 —IUIFHE L)

1 BEHAERKSND—EJV1—-ILDBEHBENL VR

T BN T2 7 )L S = BV IR 4 06 X 72 I Bk
ND—ETYa—ILEBFEL TS, % 1 #HAR (2012 4.
2R (2015 48), 58 3 HEAR (2017 48D, 59 4 # 4%
(2019 4) &R T & (CBAEELH 20% [ EL T WD,
FAEE B KRS

(a) FE A I R

(b) FEASTEPE (% A 72 el

() AT Heb o il y

(d) 175 “Coisgemh e RaE sz i

() FEMAEFETF (Fwv F) T DIGBT (Insulated

Gate Bipolar Transistor) & FWD (Free Wheeling
Diode) =72 > Fw F{L L 7z RC-IGBT (Reverse—
Conducting IGB”T“))
(£) U— KDL — LR
HIB D ()& B H 2R EE TR TlE. B2 IR D7t —
Y—Ivow b—FET« UEEEHIE L. F 2 HAH

E1TE#IEER 2020 vol.93 no.4

214 (16)



XEV @F/ND —38RE T 1 — )L DBEEKEEIfT

FvS
FATE

TR
FATE

FRENEE)

E—hoo

fEfata U

T4 NR—=X
B

JvTv bk
(@) I4—5—IvIyh—FBIT 1 UIEE (b) F—=TT1UiEE
2 UF—I—IvTv h—@FET 1 VIBEBKIUF T T 1 VIBEDHER
SEHA Ul O@mEERE OEVE) =i b B TR,
Z OREE IF — L L TWaWA—TF > T ¢ V& (Open e \

fin) ([CHNGHBEOERZMHI TS, E— b2 2T DX~
ABES (T4 vRXR=RAES) & 20% F THEELL THH
PEREAN A EL TWBEIT Ta< . 2 FU EDREY 1L
MHEEFRF> TWD,

Bl 94—9—IvH v b—FERIBET 1 VICKD
=SREVE

3.1 SRELDIRRE

IND—FEY a2 —ILDREMEDRE EICIF. WHIERD T« >
RE TN DB OFLHEZHE DT E LWV, LU, B3I
RN KD ITHRBMEE R TR THh DN E . MmHIZR DT
FHERF L —RATORMRICH Y. WHEHE DT EEH
BEROAKRES < BUIERRY TOAMHAEZ D, €T T, it
RIECTr UBREREL, COML—RATEHEL
Tm%ﬁ%ﬁkéﬂTégoEtﬁ%ﬁk%<ﬁ%ﬁu&
S, T VETEFAKIT DHENGD, LHL. 4D
WHIZROWIH KD SHSHVELDIC, 71 VEm<<ITdE
WHZROBBENME A TLUE D, T T m/ND—%EAT
BITIF. BEBELHE TETDENBERDOEEOHFEN THEK
Bt & \EEMEML T S 0ENH D,

RS (a.u.)

MU—BRFTE

EFEK (a.u)

3 BMEREESIERDOBER

) |

T4 INR—REE

Jarvas

4 RENZEEDOHRER

3.2 sEtomEE

1 HREREKG/NT—EY 2 —ILOBIEILE RS
IR L TR RZRS (TR, mHED T« >
N—ZADBHEHL D 36% & HHTHY .. MEiEE
FHE L TWe, 74 UYNX—ADEST%Z 20% FTH LT
WHEICTNIFEY 2 —ILOBMIH ZHETET D, ULH UL
Y21 —IVOBRERZMHEIS B ICIE. HEIER O & fEdt
TRDIEBBETH 27z, TNETIF. T4 UNXR—RICE
TEREE THITEE MR L T W e,

T T, BEHLOYGEE & BEITE DM E M2 T D72,
E—b>ooEIA—5—TIv oy hE—HRLLTED A+ —
=TIy b T UHEZHFE LU, B6IC
=TT« UEDE 1 HRIERKS (DWC : Direct
Water Cooling) /N —FETJa—Ib&E. T —5—I+

TEREAR
(ERISR5E)

11 %
HBRER
(E5=wvIR),
17 %

HEIRER
(TRISRSE)
7%

5 %1 tHRBERKSEEDHRETIE

BT ERKFEFR 2020 vol.93 no.4

215 (17)

SOAFMFA7URENA—HENH R I

Sriiik—a



SONAFFT 7T U ENA—HSENH I

SHnHE—a

XEV [@F/VD —ERE Y 1 — )L DERKS T

1.2

ST (a.u.)

25 4 X DWC*
*DWC : Direct Water Cooling (BE#&K%)

£ 1 X DWC

500

400 |
€ it
3
-~ 300f

%1t DWC

R % 4 tift DWC
% 200}
=
&

100

DA—I—TIvy b7 1 VIS
0 L L L L

L
0 0.2 0.4 0.6 0.8 1.0 1.2
T4 IR—REE (arb. unit)

#DWC : Direct Water Cooling (E#K%)

6 51 HABKIUE 4 HREEKS/NT—ET 1 —)LOFIE
Pz

Tw b — R T o UREDE 4 HREREKE/IND—F
Va2 —I)LOBIIO K TR T, 8 4 HREEAE/ND —
EYVa—INF DAY =TIy hE—FLTBEIC
& o THEIBRAEEORIEERS. A—F> T 1 VITHART
T4 UNR—AOESZH LTz, DI T+ VIBRD
RELDIFATRZEL D7 E . BIRPLEKIN T DB
KU B 1 HARITHANBUEYIZ 43 % KR L 72,

[4] DA—I—I vy b—FBIT 0 VIBEICKD
=ISFE% b

4.1 BHBOEBLAICK DR DIERF

IND—FETa—IVIZIE, EWREVERE IC A TR LMSHE
WHABETHD, A—TV T« VBESI T4 —5—
Iy BT« UIBEDOBERETILVEAWVWT, BV
HyZalb—r3ay (B7) [T&> TROLEHIFBOKY
DT 14 N —AESKFENEER 8 (TR T,

WHIBDY —ILED A VU N—IANDEFEHR L DT IHS
WHIZEROKY [F/PASTWFERL, #1150pm LT IZ7%2
KOICEFHLTVWD, B8R TLDIC. DA—9—Iv
Ty N —ERT ¢ UREEIF. MiEEESTMEE Lz &
T, KRYUZ 150 um U FICHZ D I EDNTE D,

(@) D4—9—IvIyb—{FE (b) A= T1iEE

TaEE

K7 D94—9—I vy b—@FBIBKROA—TFT0Y
BEDERETIVORAIGAYZ2— 3y

8 BERETIWEMEIA/HBRIDT « IR—AEKFHE

4.2 BEYaIIVMEOMEL

REEY A DIV TIE. WHIER & B EAR O B IRIRE D 22
ICk > TIFATEEERICOTADREYBRUFREL., IFATE
ICTHMNERT D T & TRIHIAEML TND—FETY 21—
IWDMFRICE D, WEASEL DETOREY 1 UL RE
B OIEREUVUTRICART, IA—F—IvTwv bh—
BRID ¢ VIBEDOIREY A DIV RIE. 71 O NX—ZAD
EEOHENNMSTWV, TNIENHL. A—T> T 1 VS
. T4 NR—ADES(CRELKFET D, A—TF> T«
UREET T 4 UNX—AHEWEA (0.2 arb. unit) &,
BEMROBETEICHHIER DB T D T & T [FATEITHAE
FTDOFT AN IGUREY 1 JILIHED E < &> TW
B BB L7ZLDIC. RUDKE<FEHAITHST W, B
9ICHWVT. WHIZDOK Y HH 150 um 72 > 7228 1 AR
EHAMMROBRESIVOREY 1 JIVIHEZ KT D
EC DAY =TTy b —FET 4 UiEE (T UNR—
AEE 0.2a.u) [FA—TF2 T 1 UiEE (1 oX—2E
T 1.0a.u) [THART2 FU EDOREY 1 JILIHEEFE D,
DL EDFEEND . T4 o N—ZAOMERL & EHEED Rk

5,000
& 4,000
v
3
“ﬁ 3,000 | U —I—=Iv iy b—FET 1 UIEIE
=
=
Y 2,000} f
N 5 4 8 DWC* 51t DWC
B4 000}
g F—TF T4 S
0 L L L L L
0 0.2 0.4 0.6 0.8 1.0 1.2
T4 UNR—REE (arb. unit)
#DWC : Direct Water Cooling (E#K%)

9 EREFIWEESILREYSAJIVMEDT 1 YR—XEE
R7F 1%

E1TE#IEER 2020 vol.93 no.4

216 (18)



XEV @F/ND —38RE T 1 — )L DBEEKEEIfT

TG DICIE. DA —Y =Ty bR T R
ML TWBZENTH D, A MREEKGEY 21—
JVIFHEE 1 HARICHART, T4 YNXN—ADEST%E 20% IT L.
GHIBmEEOETH 1/2 (50% ) [CHIIKT D &HT
T,

4.3 NND—FEVai—)LOEFEERLE
F1HARSIVE 4 HROEREKG/NND—EI 2 —IL
DIRES « DIVt DO FHMiFE R =B 10 (TR F, 5 4 AR
EEKFEY 2 —IIE, 94— —I vy h—FET
UHEERALUECE T, L4 GORES 1 IR ES
2o THIC. NT—FY 21 —ILOREY 1 DIV EZR _E
FBHED—DIC. (AT OEEE D DS, &LE
HiE. Sb&EFREZREML THEIEE Sn—Sb [FATZZH
HUTETe. 4 ROEBAR/ST—EY 1 —ILICH
HEIFATREEHAT D& T, %K. BEEESSICED
TW ZEBHAEETH Do

EY 1 JIVEHElitE D/ND —EY 1 —ILDIFA R EET
WEIEREERE 1 IR Y, Z OBFERER 1 R & AR
HIRE FACREICSHNNERL TWD, TOTZLERIC
&K DEIEITOEALA BT DRES 1 DIV EZE RO DD,
(& A TEM LD I 57 55 Ay AR (T 3 D W T E MG 217D

2.0

—_ _
o u1
T

SREY A JILME (a.u.)
o
0

£ 4 ¥ DWC*
*DWC : Direct Water Cooling (BE#K%)

5 1 X DWC

(5] mENSEEEEt D OIHR1 LIl

WA AT B LT, BWREY S 2L —3 3 Y ORI
RS BEBEORNETHLT 5 & FEBETH 5, E12
2. BRI S 2 L—3 3 V(0 & B R A O FiH 5y
HOHERHRERT, BAFEY I 11— 3 Y TROER
HIBR T I DTS A DT L7 & B Y IS TE T L
BHOERIET BT, WIITH T &t RN
HERITH U B EEFENERE (PIV : Particle Image
Velocimetry) (24 U it s sy i % it U 7e . E13
2. WEIERFEE OB T OB S &0 U R e R, ©
DGR RAE T, B4 (TRT &ES 1CHHIER T N O

12 BRAEVZ 21— 3 VICKDRHIBREBADRRS 1
DETEFER

10 NI—FEVa1—-ILOEEYA JIVE

13 PIVIC&BRHBEREEROK T OB ERE

HERRENR <

FATE

—\r

FARER

11 SEEY A7) BRZ OIERENR T (& A KRS ERRIRAZ AR

B 14 SHIZEREEADTRTHOFHER

BT ERKFEFR 2020 vol.93 no.4

217 (19)

OAFIFT 7 I X UNA—HSNH iR I

~
—

Sriiik—a



NAGFHMFT7 U RN —HENH R I

~
-~

SHnHE—a

XEV @3 /D —HEBKE Y 1 —)LDOEZEKG I

WA RDTz. TDREHR. BT« > ORI THELS %>
TOWTEMULZESY DHNZH/EL THY. B12 D
WY Zal—Y3veEAET DI E MRl Llz. BWiA
TYZalb—vavEugfbEMiefaahtE. EEOHN
EHET37EHIYI AL —YarvEFTILOAY YA X
IEETREMLTZ, TNICTEY. BIRPLOBEZED 5% K
i & I DRENTRENESND L DT Y . wiltksED M |k
EPRARLEI AR (T 7k > 72,
(6] HEH'E

ARG TIE. XEV [\ IF/)ND —PEERET 2 — LD EREK
BT D W TNz,

SHBH. TND OEME I RTINS F MBI = HEHE U |
PETFOERZME T DHMEYI ALY —ITREFET D
& T, HUERIEEEAL SR D728 D CO, HEH & D HIJR > Fifi
WRE7eE TRIVF— At OEBRICEHIRT 2HE TH D,

2E3k

(1) MWEILREFD. N TYUy RABEHIPMO/Ny 7 — I
fiff. & L EA R, 2013, vol.86, no.4, p.258-262.

(2) MEIAEEFED. N T Uy RERAFE2HARPILI =D AE
Bekw Ny o — Tl &L BRI 2014, vol.87, no.4,
p.258-262.

(3) MIF)AEIEH. BEEMHHEIMANT—ETY 2 —ILD/ Sy o —
Bl & BRI, 2015, vol.88, no.4, p.274-278.

(4) rEEE—EBIEH. RC-IGBTZ ## U 7= Sl H 55 3R E B2
AKEWTND —EY 21— )LD EEE L. & LEEEER. 2016,
vol.89, no.4, p.270-274.

(5) F EXREHFH. xEVIF AR P IV =D ATEBAKG /Sy
b7 — . SRR, 2019, vol.92, no.4, p.238-242.
(6) Gohara, H. et al. “Next-gen IGBT module structure
for hybrid vehicle with high cooling performance and
high temperature operation”. Proceedings of PCIM

Europe 2014, 1187-1194.

(7) Saito, T. et al. “Investigation of New Joint Technology
for High Temperature Operation and High Reliability
of Power Module”. Proceedings of the 20th Symposium
on Microjoining and Assembly Technology in
Electronics. Yokohama, 2014.

(8) Nishiura, A. et al. “Improved life of IGBT module suit-
able for electric propulsion system”. Proceedings of the
24th EVS, Stavanger, 2009.

(9) Saito, T. et al. “New assembly technologies for
Tjmax=175°C continuous operation guaranty of IGBT
module”. Proceedings of PCIM Europe 2013, 455-461.

(10 McKenna, S.P. ; McGlillis, W.R. “Performance of digital

image velocimetry processing techniques”. Exp. Fluids,
32 (2002),106-115.

(1) The Visualization Society of Japan. “PIV Handbook”.
print 2002.

EH X

E%ﬁﬁﬁ IGBT €Y 2 —I)LD/\w 5 — I i BF -
HEFCrEHE, BE. ELEERSEB T NT

AHEARTBFFBE/ Ny o — I, T
NOZ O RFEEEAEE,

b &iE

HEH IGBT €Y 2 —IIbD /Ny & — I EifiBAS -
BEHCHEH, BE. B LEBRASHETT N7
AEEEATRBAFEARE ) Sy o — BT

HE X
HEM IGBT € 2 — LD/ o — I &R ¥ -
- BEtcreH, BHE. ELERRRSHE T N7
-~ 2 HFEARTRBAFEAGE ) N & — TV BAFE

E1TE#IEER 2020 vol.93 no.4

218 (20)



IRIF—IRIAYBIC
SN RSYAWERE S 17

ESHiAHsE 5 (X IPS TF5202H.,

“F5202H” 5th—Generation Intelligent Power Switch for Automotive Applications

M

Sl T IWATA, Hideki EH =EHE TOYODA, Yoshiaki tf EBEEE NAKAMURA, Kenpei

VPR, HEIEDOEEMNIC K DETFHIEH S A5 ADKBBALICHEO. FEBEm DN - EHEILAREF RO SN TV D,
CDHERITIHZ DT B ERR T HEE A 5 R IPS TF5202H ZFAF L 72, AMEREEHECHRINT AT
ZEBL THY .. ZEIEBIEE ST /N1 AOBAICEL Y. AR MR L7z FF v TH 1 XOREKEL 45% Hlifz FEBLL 72,
F7z. ML - FIEMEICE 59D SON NN o —IOAICK Y. /o —ITHRED 45% iR, HIEHID 80% Kk A EH L
Teo T2 2I—LHNOBEEEFEREE T AOBEBEEE L. HEHfm T EERE (1C) OEEMEMSE AEC-Q100 ([CHEHLL TWD,

As automobiles have been electrified, their electronic control system is becoming large scale. This has increased the demand for
miniaturization and high heat dissipation in system components. It is against this backdrop that Fuji Electric developed the “F5202H”
5th-generation intelligent power switch (IPS) for automotive applications. The F5202H comes with an operational amplifier that detects
load currents with high accuracy, and utilizes a device with a triple-diffused structure. As a result, it has reduced a chip size by 45 %, while
maintaining the same basic functions. Furthermore, it uses a small outline non-leaded (SON) package to contribute to miniaturization
and high heat dissipation, reducing the package size by 45% and thermal resistance by 80%. The F5202H is designed to be used in the
harsh environments of engine compartments and complies with the AEC-Q100 reliability standard for automotive electronic components.
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ZHHFE L. BEL TS, HAHBRICHWS AL /N D —
MOSFET (Metal-Oxide-Semiconductor Field—
Effect Transistor) &l - CREEMIEE (CFH W\ SRR/ XD —
MOSFET #—DDF v 7 LICERL TWD, cnNSDME
BT A . BRE A EDOPE I 2RIRD 72 O I AT E IR = &
BECHHITDIARFT Y TN LEZIPS ZRHFK L. &
LTS,

DV STDOIFEDEFHIE A7 LD - EiEIL
ICEBN T DHEFFAHZE 5 4R IPS F5202H ) =FAFKL7ZD
T, TOHREIZDOVWTHBXD,

SR DFFE
F5202H OAMBIERN 2. fEkdh & D)Xy & — 2 NEsHE

EDHEKEE 2 17879, SOP (Small Outline Package)
(1)
Ny =TI RA L TRERE O TF5106H 1 Tl

(a) F5202H
(SON /Ny r—3))

(b) fiEk5a F5106H
(SOP N\wHr—2))

. ANy R

2
)

AR
SN\

IV\\% :
TR

3.75mm
\> : & ‘<

N

8

N

N

N
ARV
AR

2%

Ny o —IEE
45 % {RiRL

E-UREE  FuT

[FATE U—RTL—LA
(AN R)

IS5y hU— R

5
\
3
D

NENNANNw

5.0 mm
ANNHNN
N\N

ANNNANA

7
7z
%

==
NN\

E—I)U RHERE FvS

////7L

Al

5

HIVDA 2 TiEiE

2 Ny T—TJ 05 ENEBEDLE
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ER#AIEE 5 (X IPS TF5202H,

2BIER T EDICU — REHAHILD A v ITHETH DT
HEFAICEETHL TWD, —J. SON (Small Outline
Non-leaded) /Nw /A — I %A U 2 R85 F5202H
Tld. B2(ICRT KDIT/NNw o —IJHEE & FAITICEE
L7z75wv hU—R&EEMPRBULESZR/MLUT
J U —RBEDORBENIERI > TWD, . Fv /S
ZHEMUEEY NNy ROAEHRH TEHEL TWD, TDEH
F5202H I, #EHR/\w & —J & AR T/, HEMEE
ZHIRTE D, BT, Fv THHFERUREZY /1y RHHE
HTEHLU TWD O TREMRICEES: U /=B O REVE DRI
m_ELTW3,

FHEJOv ORKZER3IC. EHAMZRA IR T,
F5202H I&. RICHBRXDFEEE TRICK Y. RERMDES
ODEWVWERBEEE S OBRWEEEE L 2EETF v
TE/NEULL TWD,

(a) #E5HMRIPS TN+« R - TOAEMiZE®EHL T,

TSIV D JEA M RE 2 MERF U 7o k. il - fREEM]

YO 20uA ouT

(typ.)

IN+

+

AMP —

GND

J

3 TF5202H) oEEIOY IR

on/off
Es
JUL Ve
>IN OUTC
B
<A
35 F5202H  IN+C
P
> AMP IN-C
BRIE chie
o I/

4 TF5202H1 O{ERAAI

B RICART Y TEHONULERY . Fv T X
EHERIETT 45% HIR L 72,

(b) /INEITHUEMEICENTZ SON Ny o —J([THERT D
T ET. RERMICEXR TNy o —ITHEE 45% IR
U750V BRI Z 80 % KR L 7z,

() WMERBEABREGIYIVIL—AICE#HRINDC
EEMEL. HAHIRE T, DRREKIFE 175°CTH
Do 365}3 HE A S EEER R (1IC) DOEEMEHR
AEC—-Q100 [CH#EHLL TWD,

() HIFEXR TH DME/ IV T 7% E (ZHN D A R
1ADESTICT+3.1% ORE TR 2 EEEAXP
VTENBELTWD (B3), B4ICR3dLDIE, o
> v > MERFLOMEREN & A RP > 7 AT EE
L. ARXRF YT TRIESNZEEZY A I VICHIT
BT ET. AfMEREEZY I DETHIE> A7 LD
WEETE D,

(e) HBIFETE AV TOREBEENEDTIEETH D,

(f) AT LBEICNT DLR#EKE (REERE. &8
v BERE— N THOUERAIR, @) =
L. FTFOBIEZE 1LY %,

(8) ‘R >YE—4 YA —IJWINHAY T F—5 1A —R
W L. =W ESD (Electrostatic Discharge) it
BEMERL TWD,

CDED/FEILRICEKY., F5202H IF/\wv o —I D/NEL

fh & M B U 72D TEFHIE Y A5 LD —ED /N
- EREMULICEHIRT D,

(3] E|HUHE

3.1 IPSBBEART  TERDBSHISFILE:

IPS HDERMWFEZRT 1T AXRF Y TEHOELNR
HZER2IC7- T, F5202H IF/MEML UL 7ZICHDHDHDH S T
PRI TH D F5106H EAEDE SN EZR > TW S,

3.2 ARFUTER

BMER [y DY v > ML Ry N2 & S OEERE
TEUTAMICHNDEREMNT D, AP T T
COBEETODNARP Y ITANEBIE V, EUTAAT
N, 8fFICHWIBLHANEBEE U THIT D, BIRSHIEE
& BIZIE. Isg=1 A (Rsz=0.25 Q) DEFMETIF +3.1%
TEMEBEREZE=ZYITDIENTAETH D, —MRWITANR
P IwmNEMNT B EREENET D, LH L. SEIED
B UZICEHODD ST RICART 3HEHEZEMT D
& T —40 ~ +175 °CDJA Wi FEEH P THERan & AEE DR
W REE =R U 7,

(@) AXRPUTOEHHERIF. 4B THEXRD LD

(i) AEC : Automotive Electronics Council OWg . Hikm ;&
TR OB HE(L A TH D, Q100 I&. HEREIEE (IC) DEBM
ATV DD HIETH D,
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EEEASE 5 X IPS TF5202H)

F1 IPS ERDEBHIFFIE

H B i& S *x i B U
min. typ. max.
Vo ={E B 3.6 — 16 Vv
BfFEREE Vee
V=L g8s 3.8 — 16 v
EEBERLH uv, Vin=5V. V. ~ETEF — 3.0 3.6 \Y
EBEER uv, V=5 V. V. =LRE — 3.2 3.8 v
BLERER lec V=0V, R=10Q — 0.26 0.8 mA
%?é;ﬁ;;gﬁ%E Vi V.=4.5~16V. R=10Q 15 — 2.8 v
ANER In o V=5V — 20 — WA
T,=25C. lopr=1.5A — 0.08 — Q
7 R Is (o)
T,=175C. loyr=1.5A — 0.17 — Q
BEFRE loc V=13V, V=5V 2 — 7
BRGRE (EXTUY2RHE) Tup V=5V 175 — 207 C
7 VB REEEES R Taccon — 10 — Hs
7 T BHmEEIER R T accorr V.=13V. Vy=5V-0V — 20 — us
I—F Vi ton R=10Q — 20 - us
5 —>F T8 ton — 10 — us
HFRBEHBEE. T,=-40~+175C. V=8~16VET B,
K2 ARTUTEBOESHMFLE
E B 2 s & e B i
min. typ. max.
BREEZHREL PSRR DC 80 — — dB
AMPH: 1B E 5 Von Rap=50kQ 0 — 5 v
AMPHHT 5> FEBE Vaa Rap=50kQ 5 — 7 v
o e | a0 |~ | a1 | m
e e 025 " o. - 0 | ma
AMPZ )L —L— SR ;zjﬁgfL - 0.9 2 V/ps
sA G — — 8 — &
BRARIEE Fos st 3.1 - 31 %
BRI o A “{;;jév 2.1 — 2.1 %
—— Vo AV 0.053 — 3.947 v
AMPE SRR Voo oo -0.053 - 0.053 Y
*RBRBEESIF, T,=-40~+175C. Vec=8~16VET B,
(Z 28 4 HHAREL A O it ERSRL p 5 + X)L MOSFET (c) BT BBEDFSDOSTEMETDIFUIY
(PMOS) ofbHYIZ. H5HMAIPS /N1 - O JREEREL T, TA NNy REEF ISRz
T AR T D ZHINEEE & DRI ERE p F + Al L7z, SNICKYFy TEAELLUTz,
IV MOSFET =M U7z, T O 5 HAREEMICE Y.
ABBIET A WK I D MOSFET #E& T H: U CHLE T (4] 285 51X IPS /N« R - POt R $HHifs
TBZOT, HUOVERRINHEEEH R UzEE. Fy 7
E/PNHELTED LD ITE o 72, 4.1 BhliOE
(b) ZEEFIEECIE LY hOA RL A7 hERA BER T IE. 85 4 HER IPS /81 2 - T Ot R i

L. BMBEHEBEEDIES DT EEBL TWLWD,

ZHMHAT DT & T EICHHE/ND — MOSFET =
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ER#AIEE 5 (X IPS TF5202H,

PIP SERT (SEEES) kL>F%— k MOSFET
e 5 — T i s BG @ 3 @
{EM{E PMOS =
(@) 55 #LIPS /N X - FOERIEH
MOSFET RIS ERTF kL>F%— k MOSFET
+ T — T G S G
[F R P
chEFE PMOS D

(b) £8 4 ¥ IPS /N1 R « Ot il

5 FARFIVFEHFRDERT/NAR - TOBIFEMOLE

L—F S —hBHOS ML YFS—NRIICEBELTFY
Z/NEIL U 7z, F5202H TlEk. 5 5 AR IPS /81 = -
TOEAENEHEMA YT D& T ZEEBIEEER >
K it FE 4% 2 p & + R JU MOSFET & PIP (Polysilicon—
Insulator—Polysilicon) &F&EFT & #HH L THl#EE %=
N (AP

4.2 ({EMEMEE p F+ =)L MOSFET (PMOS)

54 AR IPS /N X - O AEM TIEES (b)IZxR
FLDIZ. PMOS IFN\w o5 — KE&E U T n— ER %A
LTWizlzeh, Ny U5 — NEMD IR ITHEEL ~ L > F
MOSFET @ K L 1 VA (BEFH#H> 27 L0y U
BEBHD ICEESN. Ny IT—h&K/ — ROMICHEE
BMEENTWz, TD7z®H. F4HRIPSOAXRFT Y
TIxEDEFICIFIDEEBEBEICHASNDEDIC. &/ —
N 128 N FE S %2 5 D Wi E PMOS =8 9 2 EH
H Y. BIEEFEHBEORMIC D%Eh > TWz,

FIT. B5 EMRIPS TN R - TOAEM T,
ZERJEEOREE O E PMOS #Bi%E U7z, = EIARNGE
DpHEICEY. NvIF—h &K/ — REICEEBEDE
MENEWEE & x> =0T FEROFiE PMOS 1I21Y%
> T/ E PMOS HMEZ D &S (T7x Y B R
TN TEDLDITIE> Tz,

4.3 Z=EiLEES

ZEILEREE T, SRBUER OMEZMHR T D7D I,
PEREYDEWIRHEZTERT 2LEND D, 585 HAR
IPS /N A - TOLAEM TIE. KD 4 R IPS
FINA R - TOCAEMOBUBGEICEEZMZ D &
TE<EWIEBBZEHER TED LD IS, 1A VIEADMEE
&M w Rt Uz, TDEH. FELDE 4 {1 IPS H

SEEDMENEWNT/NA ZAIZBIL T, FEEHEREL 7
FERBESWMMRIPSICHVWTHHEHATE D, TDRR. #€
KOO D DEEER/DRICIMA T, BSTWRZH
ZIZLTWD,

4.4 PIPEEHRTF

FIEDART > TR %E R T 2D ICRARITAFRSE
F&UT, #E#IE MOSFET BAREZETFEM> TW iz, U
MU, CORBETTIFA—RU VIREDSSHEx B H
MBEEICK > TEEHELHH T DD T, EFHBEETRESLT
DENB > Tz,

55 R IPS TN+ R - TOBAEMTIE. EBEE
DEREL EHlIEEEEDH D & T H— R UV TEEHR
HORBEEHMND < NHEBEILD R PIP BRFET %
EHTEDLDIC Uz, TDRER IPS D/NRMKIC D7xlF
BT ENTET .

SON Ny H—

5.1 SON /Nwi—IJCKDINE - SREME

F5202H Tl&. SON Xw o —IHA Uz, #ERMH
F5106H (SOP /N\w /A —3) [CHAR( B6 (IR T LDIC
Ny o —JMHEZ 45% Bl U7z, &Fe. Fv TZHEHEL
7245+ )N K (iR ~ L > F MOSFET @ K L o > &EfR)
AHEE THEHL TWDD T, FEIRICEE U 2B D EvED
Kiglzm EU. #dEdiz 80% EIHL TWB,

5.2 AEC-Q100 #E#l

F5202H T > T 2Ib— LN DBE BT T
N2 E=/EL. HuE FEMEREE (1IC) DOEEEM
F AEC—Q100 IZHEJLL TWD, BYETI M ZMEPR U Tl
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EEEASE 5 X IPS TF5202H)

120

100f g

80 |- 45 %
60 |

HEXHE (%)

40

20

F5202H WK F5106H
(SON /Nw & —2)) (SOP /N &r—3))

(a) Nwor—IEHE
120

100F e

80|
80 % KRt
60

AEXIE (%)

40

20

F5202H
(SON /Xw & —73))

(b) ZMEHT

k& F5106H
(SOP /Nw &r—3))

6 SON/Vw&—IJERERD SOP /N r — I DB

EEH o D ILEAERAS/ND —IRE Y 1 )L iRER7x & D B HE 7 it
ZIdizHic. Fy RS, FyvTEU—RTL— LT
I BIFAEHK - EZm#Ek L7z,

THIC. BRRET TREMBIEITDSICCTMEL
niVST%%tuTméo%@t@t%ﬁ@%v%ﬁ%
BHU. D1 E&Em/N\y REOEEREOFBEEZ M -
LTWa,

6] HEHE

A TIE. HERETHIES 27 L0, ERERIC

HER9 . HEAKE 5 R IPS TF5202H [ZDWTHAN
72 SIE. LR DBEAM I &K D S B HEI R 7x &
AINEIE, EERRE LA DT S B A TS HEIHEER
ICEBRL TOWSFIFETH Do

BSEE

(1) FIEEL. D>F v T U ZFHIFEMIPS TF5106H. &
+EME. 2013, vol.86, no.4, p.273-276.

(2) BWIEEEFH. HEHE4HA IPS TF51002 U —X 1. &
BRI, 2012, vol.85, no.6, p.440-444.

(3) Toyoda, Y. “60 V-Class Power IC Technology for an
Intelligent Power Switch with an Integrated Trench
MOSFET”. ISPSD. p.147-150, 2013.

(@) FFBEEFIFH. EFHA/NHY 0 R2inl IPS IF5114H,. &
LEBEIR. 2016, vol.89, no.4, p.275-278.

il

50

AT A AD BB TR, BUE, LA
R LA 5/ N XIS A T
5 A5 — ML

£l =B

NN A ZOBISE - BEHTHEH, BITE, Bk
WA AT 5/ o R IEEA B PIF R T
INA ABAFER IR,

i EF
AT N A ZAD /Ny — I BFE TR, BATE
B L BERRSHE T 7/ AEEARIBFTE
N A — JBAFEER
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IRIVF—IRIAVBIC
BEA 9 /N0 —38(K

£7 K ™XU—-X) EFEH1,200V/2,400A
RC-IGBT €Y' a—J)b

7th—-Generation “X Series” 1,200-V / 2,400-A RC-IGBT Modules for Industrial Applications

#HME YEF KAKEFU, Mitsuhiro LUEF ZZ4 YAMANO, Akio EH BAHI HIRATA, Tomoya

IGBT ¥ a2 —)LO/NHEDEEEEL S W e WG ERICIR A D72, IGBT & FWD =7 > Fvw kL7 RC-1IGBT
(Reverse—Conducting IGBT) ZRF U7z, 8 7 R X 2 U —X ) OF v TEAS KL O/\Nw o — I Hiffi & RC-IGBT M
Bffixzfliaaht. 7R XU —X ) EH¥H 1,200V RC-IGBT EY 2 —IILERFHULL. 2,400 A ZI A TEMKE
EIR Uz, TNICTKY. RERELE & R LU TEEIEROF v TEAREDEARE EREZRIRICKE L. EHEHEEE
D S7xDHAE BN, SEEEICERY 2.

In order to meet the market demand for smaller and more reliable IGBT modules, Fuji Electric has developed reverse-conducting
IGBTs (RC-IGBTs), which integrate IGBTs and FWDs on a single chip. Specifically, we created a line-up of 7th-generation “X Series”
1,200-V RC-IGBT modules for industrial applications that combine 7th-generation “X Series” chip and packaging technologies with
RC-IGBT technology. More recently, we have enhanced the line-up by adding 2400-A products to increase the current rating. This
enhancement substantially improves chip junction temperature and junction temperature rise during operation compared with conven-
tional products. This contributes to further output improvement, miniaturization, and higher reliability for power conversion systems.

OGAFIFT 7 IR ENA—HSNH iR I

~
—

SHnHE—a

1] FAHE

AR, HUERIRBZEALXTSRDOZ 4 - 20 TRl e 7sth &=
FHEPFTDLEHIT. TRIVF—ZWRENICAHL. ETxRILV
F—ICEBRT /XD —IT LU ~OZ T AEMRMN\DAFELE
FoOoTWD, HTH. EXRORE. HEHE. HAEFREI X
IWF =15 EDRIEWVWGTEH THWSON DB EHIEEFEDF—
FINARAEL T N —PEAEOEBEELNE L TV,

B OB IE. 1988 4E [T /8 D — 3 i {k @ IGBT
(Insulated Gate Bipolar Transistor) £ a1 — L% 85
U7z, BLK. IGBT Y a2 —JLD/NEIL, {EIEHRAL.
BT &K > TEAZEBEEO/NMLDE D 2 MM,
HERLICEHBL TS, TBEDEMDIZHIZ IGBT €
Ja—IWEFRLIUVBNMNMULLELED ETDE. NT—%
EOWKICKD IGBT T DiEFRSY 1 A — K FWD (Free
Wheeling Diode) £ OBI{ERED LA DEEMEDK
TZH<, TDOzH. aVWEEEZRSE. 5D IGBT €
Ja—IEEND—EENMNTDEZHICIFE. FvITHIT
INY T —J DEMTEFH VAT R TH Do

BLEEEIETFY THEIONNY T — T DOEME T & T
W, SB7HMAR XU —X ) IGBT EY a—IILEHBLU.
IGBT E¥ a2 —JLOKIERIL & SEEC XD E/ND —%
Em%iﬁbTu%oé%c\K$TtFWD%U>%w
Z{t.L 7z RC-IGBT (Reverse—Conducting IGBT : ¥
B IGBT) &M% L. SAEHEEMEKL DDF v THB &
b= ILF v THBEZER L 7=,

X ¥ —ZXRC-IGBT EY a2 —JlIF. X ¥U—XIGBT
EY 2 —ILDOF v TEiffi &\ A — I Fiffilc RC-1GBT %
MEMAD I ET. TBEDE/NT—EEICKD/ETL
wEBLL 7z, 5\ RC-IGBT Z## L 7= 1,200 V/2,400 A
M PrimePACK™ 3+ BT L. RAUCHIZ 20

i
i

£ 7 ™XU—X) EZERRC-IGBT
EI 21— ILDYEH

E®11Z. X2 —XRC-IGBT DHYERKIX] & A [1] 1% % %
To BAEMBEEE U JA<HVLLONTWSEEM 1>
IN—4 Tl&. IGBT & FWD % #¥i51(Z #85i 3 2 LB H B
%, fEkKIE. IGBT & FWD O DD F v THRBETH >
721, RC-IGBT Tl&. —D®DF v FIT IGBT D EfEHE R
& FWD OEIfEfEIZEEYIAA TS,

XU —ZXRC-IGBT TldE X ¥ —XDF v FHHIC
KU, AR TVIU—X IGBT &L TS B%D

|

IGBT RC-IGBT
avgy AV-R L

(IGBT) (FWD)
=k S—k
7I—R
AL=YE IL=YE
(a) IGBT+FWD BUSRFH#ES (b) RC-IGBT

1 &7 ML 'XU—X EZEMRC-IGBT D& E & (i
m@Es

{#> PrimePACK™ : Infineon Technologies AG @ g5 & 7= & %
SRR
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g7 X U—X E%F1.200V/2,400A RC-IGBT E¥Ya—)b

WHMLEIT VL. L% - T2 v YRMNEIE Vegen 2K
MR ITARIR U T2o T2, BEIEImOE D ©— —/ I L % 58 H
FTBIET Vogeay EAMYVFUTHEED L — R
TERERE LUz, RICED T —N\ZTHWDE, Y-V
7 IR DBEBERBDMEDE THEESINZIH, XU —
X RC-IGBT CTldF v IHiEwmEihd 2 & T BE
IREH T AR 2 P03l U 72

BT, X2 U—XIGBT Y 2 —I)bD /w7 — I Hidii
D—DThHhDEMEFBRERZERA L. #UkiizRIEIC
BEIR L Tze Fz. DA VPRYFT 0 > T ORE D &5 E
FATE, BRES U -2V IVORAICE Y., BEEIRE
175° CTOHEEEEZRIF T 2 & & BICHEEEDHEMRL
7z,

INBOEMiERMHYT BT & T RC-IGBT €31 —Jb
lF. IGBT & FWD O DD F v & A EDE =KD
IGBT E¥Va—)b&YUHB. H—Nvr—IP14 X THWVE

516X7)8)

AR,
3B HBESAV7VS

K11 XYY —XRC-IGBTEYV 21— ILDSA VTPV
FEFT .

7. F2(CHEBEICRIMLLEX S U — X RC-

IGBT £ 2 —JU PrimePACK™3+ OB EEZRT , fiE

F£1 XYU—XRC-IGBT EYVa2—-ILDSAVT7 v

kD EHBEN 1,800A DX ) —XIGBT €Y 21— &
U /Sw 4 —3IH 4 X T, RC-IGBT €Y 1 —I)VIFEKE
it 2,400 A =HEBH L TWD,

(4] 7Y X U—X EZRARC-IGBT
EJ a2 —JU PrimePACK™3+ D454

(1) Y—>ATER
B2IC. X U—XRC-IGBT EY 2 —ILD Vegan &

BIESRAF

Veean & 1c=1,400 A, Ve=+15 V. T,;/=150 C

Eoff : Vee=600 V. [=1,400 A, Vg=+15V/-15 V. T,=150C.
2MBI2400XRXG120-50 Reon=0.22 Q. Reof=0.22 Q. L=25 nH.
2MBI1400VXB-120P-50 Reon=1.0 Q. Reo=1.0 Q. Ls=60 nH

500

= X Y U—2R RC-IGBT EVa—Jb 00 RIER
W 400} (2MBI2400XRXG120-50) - HETEME
K

30

Ng 300} 0.65 V&

I

NS R

| '€ 200} .

D~

5 100k VY U—RIGBT EVa—L
U] (2MBI1400VXB-120P-50)

0
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
ALTY « T v IEIFNEE Vesan (V)

2 IGBT bL— Rz T4%

HEE HEEAITC EISEBE EASEIR i &
7MBR50XRKD120-50 VILg—EV
Small-PIM2 50A
7MBR50XRKB120-50 TLRT 4w hEV
6MBI250XRBE120-50 viLg—eV
PC3 250A
6MBI250XRXE120-50 1,200V TURT 4w bEY
2MBITO00XRNE120-50 VILg—eV
DualXT 1,000 A
2MBITO00XRNF120-50 TURT 4w bEY
PrimePACK™ 3+ 2MBI2400XRXG120-50 2,400 A —
2MBI800OXRNE170-50 VLT —EY
DualXT 800 A
2MBI800XRNF170-50 1,700V TURT 4w bEY
PrimePACK™ "3+ 2MBI2200XRXG170-50 2,200A —

* PrimePACK™ : Infineon Technologies AG DOEIIZEE fz X EEREIE

K2 REONE

ERER (A
1,400 1,800 | 2,400
Xy U—2 X-IGBT + X-FWD
1,200V
VYU—R V-IGBT + V-FWD
@1 : mm) (&4 : mm)
WRHE
250
\
PrimePACK™*3 89 PrimePACK™*3+

*PrimePACK™ : Infineon Technologies AG DEHE 1= (3 EEREE
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g7 X U—X1 B3R 1,.200V/2,400A RC-IGBT E¥a—J)b

Y=V ATHEONL —RATEEERT, X U—X
RC-IGBT E¥a—Jlg. VU —XIGBT €1 —IL &
LT, fEfIEEE % 0.65 VKRBT D& &EBIT. 99—
FIHEEE 42% KB KIFIC S L — R 7 7Rz dE
L7z, ThIZEKY. & ﬂ$mtﬂ@ﬁ?§m€%ﬁbto
—H. XKDV ) —XIGBT EY a2 —IL Tl
WmOEN 125 & L&ﬁm?ﬁ%@%ﬁﬁﬁk$oT%%b
REDEEIC EATDBEND DO B IIERDIEKRIC
s>, TZITX Y —XRC-IGBT €Y a1—JU
TlE. MHREPLZE TIF2HEko VU —XIGBT €
Ja—IHBHES A XEEZ D &<, HITTFOHK
% 15THD 2 TP LTz,

(2) HIIGTFIRE

B3I KDV U —XIGBT EYVa—IbE XU —
X RC-IGBT £ a1 —J)LDEE RO H i TR E %
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1,200-V 2nd-Generation All-SiC Modules

Bl ZF TAKASAKI, Aiko

Baft B OKUMURA, Keiji

FL 7% MARUYAMA, Rikihiro
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LTAHUN—9FEEEE 63 % R TE. /NTO—IT Lo ~O= U 2R OEEE(L S INEKICERNT D,

Fuji Electric has been commercializing Si-IGBT modules for use in a variety of power conversion systems to contribute to realiz-
ing a low-carbon society. We have recently developed All-SiC modules equipped with 2nd-generation trench gate SiC-MOSFET chips
to improve power conversion efficiency. While maintaining compatibility with conventional products, they reduce internal induct-
ance and power loss by taking advantage of the low on-resistance of the 2nd-generation SiC trench gate MOSFET. Compared with
conventional Si-IGBT modules, they reduce inverter generated loss by 63 %, contributing to the improved density and miniaturization

of power electronics equipment.
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7th—Generation “X Series” IGBT-IPM with “P644” Compact Package

FE 5% TERASHIMA, Kenshi AR EZXR OYOBIKI, Tatsuya J#E  ESZ OSE, Tomofumi

HEERE BALBEEDS 57/ LOERM, SHIMEDOERIOEZ 572, T L —FEENE IPM & U
TIFERRNISAD TP644 N /r—I %A LTz IGBT-IPM Z¥ L7z, TOEGIF. 5 7 HRF v THEiliE /Ny
T—IEEEA L TX U —X] IPM ORAICIET . #EREHD TV U —X ) IPM P636] ITEEA, EifHEI1ER
DFEEBERER 17% EB L. 150 ° CTOFMEMELEHKBI LTz, CNICKY. BV 2 —IVRERBEZN 12% DL,
UN—Y D IER &R 26% WINTE D,

Fuji Electric has developed a new IGBT-IPM to meet the requirements of the further miniaturization, high efficiency, and high
power of conversion systems by using the “P644” package, which is the smallest in the industry for IPMs equipped with a brake
circuit. This IPM is included in our line-up of the “X Series” IPMs, which uses a 7th-generation chip and packaging technologies.
The new X Series IPM has lower power dissipation than the conventional “V Series” IPMs using “P636” by approximately 17 % and
can operate in high-temperatures up to 150°C. These enhancements can reduce the module footprint by approximately 12% and
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increase inverter output current by approximately 26 %.
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X U—X P644 : 7MBP75XJA065-50
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Eaq=300V. V=15V, Ta=60C. fc=10 kHz. /o(ms=25 A GE&ES) /60 Ap (O v T B)
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0 180}
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i 160 X2U—X P644
I 140 |
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# 100t f\
N 8oj VYU—X P636
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40 s
0 500
B (s)

< B () -
— -

1 BESEE RO (BECRERITER)

FYBEAREDN T,=172°CEEw<&DD. REFEEIRE
Ty max=175°CE Y BERWTZ 6 HEREL T & F U ST
AT TH D, BN IC, EBRO-—EHOBECH T DS
REOEOHEERT, INSDOMRIY. V-P636
N5 X-P644 ICESTWA DI &ICKY.,. EHEREED
EYVa—IVOBBEEB AN 12% D TE BT <,
ETHFBEIMEA TR TH B,

HEPE

INEL)Nw o — 3 TP644) HERA L8 7 H#HAR TX >
) —XJ IGBT-IPM [ DWW TN 7z,

JLU—FNHEENELEZ 7inl ® IGBT-IPM & U T
IFERBNOSAD (P644) HHT=ITHHRINTS 1 >
Fyv Tl &liY, SEOBEBNEMEBDST 5D
INLETOA NI O VHEEBL, INKHOFIZEHTES
EEZTWVWD,

SHOTHEDEMEN EHEL . IGBT EY 2 —ILD
BT BHFAE S B U TR ETRIVFE—. BEIREO R
[CEBERL TOWSKFTETH Do

SER
(1 BENEIEH. H7HAR TX> U — X IGBT-IPM. & LEHH%
He#t. 2019, vol.92, no.4, p.219-223.

(2) It ED. H7HER TX U —X ) IGBTEY 1 —IL. B
T @R, 2015, vol.88, no.4, p.254-258.

(3) Kawabata, J. et al. “The New High Power Density
7th Generation IGBT Module for Compact Power
Conversion Systems”. Proceeding of PCIM Europe
2015.
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A VFUI TV MND—EY 1 —I)LOBAFICHRESE,
BifE, B LEEBRREHLE T /N0 AHERIE
EHEHWEETY 21—k,

MR ZEXR

AVFUI Ty hNNT—FY 21— ILDOBFEITHESE,
BE, B LEERRSHE T/ AEEARTRE
FEHEWREETSY 2 — IV,

KE BX
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“XS Series” Discrete IGBTs Line—up Expansion

= FE{Z HARA, Yukihito BiIEH J MAETA, Ryo R BXEE SAKAIL Takuma

MASEBEIFLERE (UPS) D/ND—2YF 233 (PCS) THEHSINDPEEAA v F U IF /N1 AD ST 575 KR
(F. HEOEHRMICSVWTHD TEETH D, € TELERIE. BEEREAAYvFUIREIEDON L —RATRMEZ
% L. UPS D PCS Z@sh#(hd 2 650V H KLU 1,200 VIHED T« Ao U — bk IGBT XS ¥ U —X ) =&EMEL T
W3, A1 v FUIHEEDSTSGIMEBOTREY T T v YT EBMUTE TO-247-4 /Xy o —I @z L. K5
[CMA 7z, EI%IE 1,200 V/75A T, HERD TO-247 INwr—I IR+ v F U THERKRE 20 ~ 30% EHL TWD,

To further improve the efficiency of electric systems, reducing power loss is pivotal to the semiconductor switching devices used
in uninterruptible power systems (UPSs) and power conditioning systems (PCSs). Fuji Electric has thus been mass producing 650-V
and 1,200-V “XS Series” discrete IGBTs, which improve conduction loss and switching loss trade-off characteristics to enhance the ef-
ficiency of UPSs and PCSs. We have developed and added a module to the product line-up that uses a TO-247-4 package, which has

a sub-emitter terminal capable of further reducing switching loss. The new module has a rated capacity of 1,200 V/75 A and lower
switching loss than the conventional TO-247 package products by 20% to 30 %.

1] FAHE
1,000

W4, ToT (Internet of Things) P EY JF—4. A
TJnEE (AI:Artificial Intelligence) 7 & DI AMED .
TE#H - BE AT LADREMD T SO RUICK> TT—%
FARDMU T\, TOLDET—YEH/S—/D
F—H VY —TREAEBNULITHTIERNE< . IND
DB (CHEMEGE N EUE T D IMEEEFEE (UPS:
Uninterruptible Power System) D@EshRLIC k24 E
TEBARAREE> TWD, e b 2
0.01 0.1 1 10 100

Flz. REGEHKRBORNWFAEEEDOHAEMRIRIVF— H77 (KVA)
DERDHEATWD, HlZIFE. KEEFHE TIE. BEHE POL : Point of Load (GfHEifICERES N3 &)
HERKBHICEHRTZ/NTD—a>F 1> a7+ (PCS:
Power Conditioning System) 7 & DN A HLELE D 1 74 ZXTU—k IGBT OELZAE&
RIS REEHEIC T > TWD,

ZNB®D UPS D PCS 7 & TEH TN D HEMARR 1 v F
VIFINA ADE 575 BARIBRIIE. HBEOEIIELCS
WTHRS TEETH D,

BELEREE. BEEERE Ry FUIEIDO N — R
TREESEE L. UPS © PCS ZE%IHEMT D 650V H&
1,200 ViHEDF « 22 1) — b IGBT (Insulated Gate
Bipolar Transistor) XS > 1J —X %%Eb?b\(g)o ¥
XS U —XD1,200V/75A D TO-247-4 /N v
T—IUMmERFEL. RINTIMA Tz, ARETIE. RGO

100

-
o

R4y F VIR (kHz)

il

BEEHRICOWTHENS, (a) TO-247-4 (b) TO-247

XS YU—21 OBE @2 /Syr—INE

E1(Z. 5«4 AP YU—KIGBT OEHHE=EZRT, XS SEBIFELU7Z 1,200VXS 2 U —XTO-247-4 /)N v
DU —=XlF Ay FUIEKEE 20kHz BETHEASN 7 — I (& IGBT & FWD (Free Wheeling Diode)
S UPSDPCSEY—TvhELTWS, FvITEHERL TWD, B2I2/\y T —TJ Do ElZ.
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T4 AT U—KIGBT XS Y U—X ORFPEKR

x®1 XSTYU—X)| OFERKEREEEBINFE
BAER B
IGBT FWD IGBT FWD
7 P Ny —3 / / Veesan Viean Ve Ve
FWD Ves | 7 190 | " | 72100 | Tw=25C | T,=125°C | T,=25%C | T,=125¢C
Y v (typ.) (typ.) (typ.) (typ.)
V) (A) (A) (A) V) V) V) V)
FGZ75XS120C* &Y | TO-247-4 | 1,200 75 300 75 1.60 1.85 2.90 2.95
FGW75XS120C By 1,200 75 300 75 1.60 1.85 2.90 2.95
FGW75X5120 U 1,200 75 300 - 1.60 1.85 - -
TO-247
FGWA40XS120C By 1,200 40 160 40 1.60 1.85 2.90 2.95
FGWA40XS120 U 1,200 40 160 - 1.60 1.85 - -
B
DY VAMAA v F U ITERICEEERIFT, ©ZT4.3
L Py (T1) Pe (TD) ETBNRB LS T, Ny s —JTEFYTTI v ST S

Pon (T1)
34.9%

3 FINARBERDIHER (T-type)

R1ITXS V) —ZXDEEREKRERK CBELANREERT .
# kVA ~% 10 kVA @ UPS  PCS HFIZ. 40A ™ 75A
ERSTEMEHRERF OBMES AV FYvTLUTWVWD,
T4 AJYU—h IGBT DF&E
#kVA DL D UPS > PCS Tld. EHEMBEETRE
FBEH. 3 LNIA VN—EIRRINTERATNTWS,
T-type 3 L NXILAUIN—=F DAL VA1 wFEH (T1.
T2) 2132 1,200V EHED IGBT ODEHEAARZEHE3 I
Y. IGBT DFAHERDK 40% % 15 DT K P,
ER60% T HDBDAA Y FUIHEE (P, & Pos DEFH
RN T D EDNEHETH D,

[4] 1,200V TXS2YU—X] &TO-247-4 /)\Vv
b — DO

1,200V XS >~ U —Xl&k, # 7 #HMR X > U —XJ IGBT
& FWD OF v FHEiilizE® & (2. BRE)E RS 20 ~ 40 kHz
BECHEHINDT AU — MR THD,

75A BB DED ICEREEDRETVEFTIE. 15
FURLZYICHNDERDAREWV, TDIT. HERKD TO-
247 Nw o —IDED%E3WMHTFMTIE, TIwdy - OF
A VF TG ADT— k- TEvYIL—TORRA Y

MmU7z2 TO-247-4 &M L. 38T DO TO-247 & Huik
LTARAwFUIEENEEL TWS,

4.1 IGBTFw>

B4 12 IGBT F v T O Wi % R T, 86 AR IV
2 U —XJ IGBT = JtlZ U7zfek it D THigh—Speed W
(HSW) > U—Z [CHAR. XSS U—XTld, 57
ARXTU—XIGBT ZRX—RIZ UL T, BRBYE I 20 ~
40KHzZ FI1F DF 4 22 U — | IGBT & U TRl & 75 3
RHEWEE., 71— IVRAMY TE (FSBE) S/R—ILDiE
AEIHIT B 25 OREHLIEE Si RO ML E 12
&5 T, B5ICRTES T, FERMGE LT — 2ot
TG oy BH) 6% SIS B & FIC, IL 5% - TSw
SFRBIE Vepuy & 0.35 VAR L. kL — KA THHEE
B 7o,

4.2 FWDFwv>

®6 [ FWD Fv FOWiFifE % R e, HEE V, &1
AU E, D b L— K7 8% 2 U 7258 7 R X
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5.2 SREMEEHE
A 2N — & E e BB L 72 & BE R E A O,

1,200 V/75 A Et& D TO-247-4 /)Xy 7 — I i & TO—
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ViREZE10 (. IGBT U —ADIRE R G =R 11 (Z
RNT o TO-247-4 Ny —I DT —AMMEIF. TO-
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6] HEHE

F14 A2 U—KIGBT XS U—X ) OFRFIPEKIZD
WTliR7z, YT T I v AT ZEBEBIMULE TO-247-4
N —ImPRRAy FUOBRENNY—JRE ERD
RIRICEN RN TH D Z & =R L Tz,

AREHIE. UPS ¥ PCS T H7FRE U THFIKELIZHN
24y FUIEIRO PFC B DEEBR G S (ICHDMHEAT
D,

SHBHTINAZADS BIxDEBRILTHED . BESFD
FERICIGA DHMAEMHB L TV Z&ET. HTRILF—L.
BHEBOEFICEHRL TOW<FIFETH D,

SE
(1) JRZED. 1,200V« 22 U — RGBT XS U —X .
BRI, 2019, vol.92, no.4, p.247-250.
(2) JSE{IED. 650VF « A& 1) — RIGBT XS ) — X J.
@R, 2018, vol.91, no.4, p.236-240.
(3) Heinzel, T. et al.
7th Generation IGBT Module for Compact Power

‘The New High Power Density

Conversion Systems”. PCIM Europe 2015.
(4) Yoshida, K. et al. “Power Rating extension with 7th
generation IGBT and thermal management by newly

developed package technologies”. PCIM Europe 2017.
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“FA1BOON” 4th—Generation Critical Conduction Mode Power Factor Correction Control IC

BH&A {17 HIASA, Nobuyuki =ik S5 ENDO, Yuta &[0 3ZEZ=E YAGUCHI, Yukihiro

WEAE, BT SO - BECEVWRA v FUTBEOE R EA THY .. LED BHGEDETHEEHOERFGL K
flitg . ESHEMEL S BIF D X MEROM AR B NTVWD, ELEBEIZCNSOERIZIEZ D726, F 4 RERT—
R PFC (Power Factor Correction) ffilf#l IC TFA1BOON J EF#?%L/ 2o TERMDFFDOBEREICIN A . EERFD A — /N 2 —
KRR 7 & DR FERRRE DB, 7% D OMZ PFC I EEBEEBEEMRIMBEOREEM LICk YU EFEEOEEEW L&
BF IR MEREERT D,

As electronic devices become smaller and lighter, switching power supplies are becoming more widely used and are required
to help electronic devices, such as LED lighting, to have a long life, low price, and high reliability while reducing power supply costs.
To meet these demands, Fuji Electric developed the “FA1BOON” 4th-generation critical conduction mode (CRM) power factor cor-
rection (PFC) control IC. In addition to the conventional model’ s functions, this IC features a startup overshoot reduction and other
protective functions, as well as higher accurate detection for PFC output voltage and overvoltage. These enhancements enable it to

improve the reliability of electronic devices and reduce power supply costs.

FADE

BN - BEIICHEWAA Y F U TEBIRDME K
DEATWND, A0 v FUIBIRICHITDEFPEERIE
FESRORLAREBRIE DEMERRF D HRE T 2725 U FHHE
HEeWhsE 2, €I T mAAKERZT —EOMLLT 2
A D0, EEEHME IEC 61000-3-2 [CHWT, R1IZ
AT EDICER - EFEBEUDDISAICHE L. 75
AT & (CBIF T EROMENEZ FE L TWDB,

COBEIREGHIEE RS FCHBOREZHIRT D726
IZ. POTF a4 T T4 HRDHFERE (PFC : Power
Factor Correction) [HIEAIA<fEOLNTWVNS,

PFC B ICHWTH. AEHNLD 7z (CREHEE T DHI
D, BB %A T2 WARTTEE T ORI R LR S
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T, AEED LED B E DB RO R R
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if_\rﬁuﬂ EFRERMA OO S A C Zie I DEAE—
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TFATBOON) DHIE

4 EBH¥E U 7= FA1BOON OAMB7ER 1 (2. fERMTH D
FA5601N & OPEREHE ZFR 2 (TR T,

FA1BOON © JOvw U KM#%E2 [C7” 9, FAIBOON I3,
Ui FACH &S K M FEABRRE Z BB 9™ D C & T FAS601IN A
SOBEMANTET2DT, BRZHRHITIEO)—RF& A1
LDFIHMEIC DIEH Do

PERMDRF DFERE (TN R . EIRFD A — /N2 2 — MMEJR
FRE. PFC i EBERTIHEIBE . Voo BIEDEEELR
ERREEEM U7z, 52, PFC B ERIfH D FL#EE
JE Ve, ODFES KO, BB RRHEEOHEZH LSBT,
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1.2 kV SiC Super Junction MOSFET

& EE TAWARA, Takeshi

B85 1EF] BABA, Masakazu

>3~ MOSFET

8 BT TAKENAKA, Kensuke
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MOSFET % o >/8\—4 [ @A U 7zBRICIE. b — S IIVRROEEDS IR TE S,

Fuji Electric formed a 4H-SiC-based 1.2-kV SiC super junction MOSFETs (SiC-SJ-MOSFETs) by repeating n-type epitaxial growth
and Al ion implantation and verified its static and recovery characteristics. The on-resistance of the SiC-SJ-MOSFETs at 175°C was
67% to 55% that of the conventional trench gate MOSFETs. In terms of recovery characteristics, the SiC-SJ-MOSFETs did not show
an excessive surge voltage despite a slight increase in accumulated charge at 175°C compared with conventional SiC trench gate
MOSFETs. We expect that the use of SiC-SJ-MOSFETs in inverter circuits will contribute to reducing total loss.
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2nd-Generation SiC-SBD
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