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Negawatt Cost and Power Electronics

salff EEEE  KAWAMURA Atsuo
BREIN KERFET RS T8t

XHTY FEWVWDFERF, TRILF—DHMIEH L
BEME/ESDLEFEUREDN DD EEAZ, BLTXRILF—
BT TEVEARITNSITRXILF—EFXITITY
(Negawatt) ENFATEC EICHE D, S5z, LlEWES
HERE CONALETHDAEE U COREHNRESL<EDED
FREFEEIE BRI LRI Ty Mgy EEATS,

—H CHAEMRITRILF—DEAIZANDEFHEL T,
FOTw M (KWh) 47z U 0 Hifiis Fkk U 7e SOk 5 5 .
FE OB, KRB, HiEHFa, A>T Y AEMNHER
UL THREHAM (B> h/kWh) ZFHLU TWD,

ZNIZlEB> T, ATy O REHHAETD &N
CE, R CRI XA Ty F ARk EREN D, kWh %
7=z ) D& THA T D7z R ITHH ) DI W,

XHADw razx b~ (9/kWh) =

(B T RDT=HDEETFE A I A~ (FD +
MeFete (M) / BN (KWh)
BB E (kWh) =
XHDIOw b (KW) X EZEMERERT (h) «ceeeeeeeeeeees (2)
ez U, ek h) = it AFE LA L ke H (D) X FR
W, EEZDE, R OHGBICHEEIFROENSAY, K
BEAENEODFERHATY F AR RBRS <G5S,

A YN—YEREDE—Y R T+ TOBIEE EFEIEE L
THD, TARCHU CREREETN WD, FHE
DHOHUDITLLITDEHDHEEZITIFLL, IKEE LT,
100 kW D E — & & BB 3 30% C 20 45 R fi T, W) 48 ok
SREyDHED Iz > /)N— &3 A T 30% DA LT RO HE,
SBICF 3 vI/NEATIE10% DB T RHWEE, 1 > /8—
A BE 1,000 K, F3w/RE500 HHET D, filfH
HEHE DK, A YNN=FBEADRIT Ty b3 AKIF 101
(M/KWh), 73 v /SEADRH DY A B IE, 152 (H
/EWh) &35, BRAEHMRIZ, 13 (FI/kWh) fif <
ONIE, ANV EBEATDHEDORITITY K TA D
FiDMEWND T Y N— YW EABRE) 238 A I 213D DT
HDN, Fav/NEADORHA Ty b AAMEIEHBVDT,
EFD,

XDy FOAARDBTFHRDERIZOWVWTK Q) EHWT

EETCE D, MPEA DA S OMRIC I, BPERH DB
IR DROAAMEDRERDRSTWVWEEZEZ NS, TD
—DOHEEN, NXDO—T Lo b0 o280 IA Y
DY TCh D, Fiz, AVFTFUATASDOARK, BT REK
OGN, HEYEOM L, WAME B ORI & DZERIC
FU, XRADY FAARETHD, BIC, BIFOHB4:
EET, BREESOHElitg & ORBOHIE TSNIE, B
FLDF 3 v NNOBITIE, BEADFRBEWICTIELE HD., o
EBARATERL CADE, XHI Y bORLEEE ICTE
TR w b D — D RDE T RN FAD L B 1] DR 5
PR CE AL, XD b A DOFEROBIED
WBEETES D,

WAGIC, SEENAL (FI/kWh) CHBcd L Kk 82
~ 133, £9h100 ~ 17.3, LNG58 ~ 7.1, fi 5t 50~ 65,
1148 ~ 62, KBt 46, AJJ 10 ~ 14 & WD AL
IS NTWD, BFFEBICH S ZRBEIA MR Ty b
OAZANDOKRNPEBRE, RIS RTTY M EaZIFTAND
TEDNTETDDED LOREHBICE Y, RFEHBD IR
PhIFPE D, N — P8R A AR &I D/8N0—T
LOZROZORAICKIDRHATY bDOEZHRBEL T, €D
FEH, ND—T LU b0 A8 O EEME AL TR
ah, &5z, NXO—ILor~OZo2Z8HDEMND ET
AR DvICKY, FRETREAAARMNFEH T S Ewblic
> TWD,

SEHR

(1) Amory Lovins, “The NegawattRevolution”, 1989, http://
www.ccnr.org/amory.html, (ZH 2012-08-20).

(2) ESMAP Technical Paper 121/07, World bank, December
2007.

(3) WMATEEY. “XITTv b DOEFRE T ORI, B X
MRS, = YR L. 2012458 1.

(4) RFEMEFEA. T RIVF— 172008, 2008, http://www.ene-
cho.meti.go.jp/topics/hakusho/2008/index.htm, (£ 2012-
08-20).
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Power Semiconductors: Current Status and Future Outlook
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2.4 TILFUN)VEHZKEERA 1,700V RB-IGBT
RB-IGBT & A-NPC (Advanced Neutral-Point—
Clamped) 3 L X AEFRK DAV N—IANEH I D720,
T hUYOZTAIN—Y TSI NIz A X —
AlT, Fv T T D55 OB & &AL U,
1200 V i £ 5 Ak ¢ RB-IGBT 2R3 L CET T\,
Arlal, & 5 (D) 3 D B 45 B 7y & D R A S
T, FUBWEERBOYILF L AL RICHEH T S
7z8, 1,700V RB-IGBT T /X1 A & D J Ot AHdl
I LT, VAV aHBd 088 a2/
Iz, 1,200V RB-IGBT IZ# H U 72 24958 & V i D

(x5)SiC FI\A R
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VILFUAXIVENZEKRZEA 1,700V RB-IGBT

1,700V Reverse-Blocking IGBTs for Multi-Level Power Converters

g8 JEfE LU Hongfei F%BF 1EBA OGINO Masaaki E B NAKAZAWA Haruo

R EE DR WE N EREDOBHADIAD > TWD, EEEEREEDKECBEHND -V 7+ 2a - HETH,
KD 2 L ARIWEBRFGFRDDS, LUERIEEREIILFLRILFRINANRITUDDH D, @ LEETIE, YILF L ARV K IC
BEMAA Yy FELUTHEHSIND 1,700V RB-IGBT A fiuth (C/eBRI> TR Lz, BILE VIEO Ty FY I aMAEGD
2N TUy ROGBERETRERA L, 1,700V TN ZANEHA U Tz, @EA YN—YDIREN A1 v F > TP (~
500 Hz) CHIMZFET-H'RB-IGBT D4, E@EIOEIRIC KD, 3 LI+ VNN~ DBEIELIE 18% kA Uiz,

In a general trend to use highly efficient power converters, we are also observing a shift from conventional two-level converters toward
multilevel converters of higher efficiency, in such applications as uninterruptible power supply (UPS) units and power conditioning system (PCS)
units for solar power generation. Ahead of any other company, Fuji Electric has developed 1,700 V reverse-blocking insulated gate bipolar
transistors (RB-IGBTSs), used as bidirectional switches in multilevel converter circuits. For the 1,700 V device, we employed a hybrid isolation

process that combines thermal diffusion and V-groove etching. When RB-IGBTs were used as neutral point clamping devices at a typical
switching frequency for high-power inverters (up to 500 Hz), the decrease in conduction loss resulted in a reduction of energy loss by 18% in

BHEHE— I ZNAFI T 7 RN A — RS NH R I

three-level inverters.
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AllI-SiC Module Technologies
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Next-generation power semiconductors such as silicon carbide (SiC) devices have the following superior features: high voltage tolerance,
low loss and the capacity for high-frequency/high-temperature operation. In order to bring out the maximum potential of these features,
we have developed a novel power module structure using copper pins to connect devices and using epoxy resin as a sealant. Through this
structure, temperature cycle tolerance have been improved, and by using silver sintered materials, the high reliability of operation at 200°C

was verified. Moreover, by fully utilizing the features of the new structure, it is possible to design low-inductance SIC modules. By using
prototype all-SiC modules, we achieved significant size reduction and efficiency improvement of power conditioners for solar power generation.
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High Reliability Packaging Technologies of IGBT Modules

B 3= MOMOSE Fumihiko AT FFZE NISHIMURA Yoshitaka YH ZEHE MOCHIZUKI Eiji

AT RIILF—OFMHILKRICHEWN, IGBT €Y a — VGO HEDEZHILL, SHABEEDR EHRO SN TV
%, BROME EEHLEEMRT D7201T1%, Wk - LT~ RAFFEL, Bl A Z XA T W BFEEZRF DL ET
hd, BEERCIE, BEBEEEFIEIT S, EREBEL CBYENHa, BRII 2L —Ya YL@ Ead LT
AR B EIRAEDFEFT 21T > TWD. FTe, BREORFMILEHILT D720, FEHM & U T Sn-Sh [FAZH A &BEHK
WA AMIE LIz, & BIT, FEEIR g?ﬂﬂﬁﬁ%&%%%@ét@,%ﬁﬁbu—ztjurﬁﬁbto

With the expansion in use of renewable energy, the uses of insulated gate bipolar transistor (IGBT) module products have diversified and
there is a demand for higher reliability. Ensuring the quality and reliability of products requires specification of failure/degradation modes
and reliability design based on failure mechanisms. To achieve high reliability, Fuji Electric is creating designs for thermal fatigue lifetime
based on simulation of actual device, insulation lifetime through electric field simulation, and ultra-low temperature operation assurance. In
addition, to achieve longer product life, we have developed ultrasonic welding of terminal and Sn-Sb soldering as packaging technologies.
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Furthermore, to ensure good heat dissipation under the conditions of use, we have investigated thermal grease.
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Integrated Simulation Technology Combining Device, Circuit and Thermal Behavior in IGBT Module
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To meet the various demands for insulated gate bipolar transistor (IGBT) module design such as miniaturization, high efficiency, and low
noise, the importance of preanalysis through simulation has increased. Heretofore, Fuji Electric has performed device and thermal simulations
separately for each component of IGBT module; now we have linked these simulations with a circuit simulation as a base, and established
an integrated simulation that enables analysis of the IGBT module as a whole. Through this we have improved the accuracy of simulations

from approximately 40% to 10% for electrical properties and from approximately 10% to 5% for thermal properties, as compared to previous
simulations.
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FEE, FEME DBRAEAETERDK 40% H DK 10% TR T
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FdoLdic, BB aL—YavEHIZTaL—
Ta vaEMESE S & T, IGBT 1 —LakofEt:
DAESREEE IS fRAT C S 72,

(6] HEHE

AR CIE, IGBT €Y1 — LD = 2 L—2a vIC
DWWz, CO@#EE> = aL—>a vickD, IGBT
F v TOBIEN S IGBT €Y 1 — LEROBRIFEIC DO WL
THER (T T R EE AT DS HB I 752 T2

SfrlE, SREELLEE I 2L —Ya vaEHkIT,
IGBT €2 — LI IC 75 & & #lA C A T2 TPM (Intelligent
Power Module) & IR EILITD, anlz, /14X
Tal—YayYPSPICEYZalb—>ayixd, EHo
TIal—vaviDEEERDS L THEGREENES
RS U, /N'D — -8R D el i O BH ZE 1) ) 485245 1 EBR U
TWLFFETH D,

SEIHR

(1) IMHECIED. /Sy —TI> I a2 b— 3 VEHIC K5 #
AT E DA L & LR 2009, vol.82, no.3, p.179-182.

(2)  INHIBBIED. IGBT T /XA A DELAUFVEFHTH €T IVIC K
DEREIREEE O . & LR, 2009, vol.82, no.3, p.174-178.

(3) MMHADED. A YNN—F>ZaL—2a>TOTTLD
BiZE (€ D2). W RF7eiT iy, HF7efdt : RO7016.

LA A

JND — PR FET-D CAE, CAD Hiffr DB SE It
Ho BUE, B LERKRSHE TN AFHEAR
BRI/ — 2P BAR B FSARGT T /N AR TSR, A
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Expansion of the IPM “V Series”
— High Heat Dissipation Type “P630 Package” —

5 B MOTOHASHI Satoru BEiE& FHH TAKAHASHI Hideaki HE IEf TAOKA Masahiro

FILVZ I IE A W U 72 TP630 /Xw o — ) [CIMA T, EAbPILI Z O L A&#H U ERESY « 7 TP630
INwr— ) s UTee BEAF/Sw o — 2123k U T, #diidn g 30% UL AR L T Y, SAMSENE T AT, 2l <
D, Flz, MBI TIFAEMORBELUICEKD, BIEFPILIE Z DA EHIFARE ZH WAL IPM (Intelligent Power
Module) IZXfU T, AT, /XD —H o ZILHEHESKIEICH EL TWD, B - B0 ES KOV IE, B/ Sy o —
EFETHY, BSMF - MEGRORFHEMEITE U TREWG DD EETH 5,

In addition to the conventional “P630 package” that uses alumina insulating substrate, we have developed the high heat dissipation type
“P630 package” that uses aluminum nitride. This new package reduces thermal resistance by more than 30% compared to the previous pack-
age and can suppress 4 T, under high load conditions. In addition, by reassessing the use of insulating substrate solder materials, we have

greatly improved A T power cycle capacity compared to the previous generation of intelligent power modules (IPMs) that used aluminum
nitride and lead solder. The mechanical and electronic features and external form are the same as the conventional package, and the package

BHEHE— I ZNAFI T 7 RN A — RS NH R I

is capable of various uses corresponding to load conditions and heat dissipation system design.

1] FADE

= b O (%, 1988 4E IC IPM (Intelligent Power
Module) Z&Abf: ICEERIF TR LU 72, ek, i
S ARCIAB DS F & F MRS AR LTS,
IPM I&, IGBT (Insulated Gate Bipolar Transistor) &
FWD (Free Wheeling Diode) D57 A5 > 45— KE
Ta—Jic, HEE A XD ML — R D ER#EL U]
HAEEE, A DRFE I T DREIES IO P S — LM
Bt leM5 L Ay Uy Yy MEER> 28D CTdh
5. COIPM Z#M I DL, BMEFEEBMD RS 1 TikE
aEMECE, BEBRFDES ICHEDE LI, KIBE - &
BEEAEFEBIUTET D, IPM IEEIC, E—YEREZE [NC
(Numerical ControD) TAERE, A >/X\—%, Y—IK,
TITLAR—=FxE] DPITray, MEEEREE (UPS,
KEXFEBHAND—O> 57«23+ (PCS) L THWLWS
N, EEHEILEHEZEFELU ARL<EHIN TWS,

COUfer, & LERLS, kiR TbDNL VT
= hEEDO T —ILR AR T (FS) A TV 21 —X
IGBT Fv J&aHH L] TV >U—X ) IPM (V-IPM) %
B%d 2 & T, &HHDMMBES L UHEE DN LA
o C& /e, d4, BSIEDERICMA T, HiE Ik
(& D72WV) O/NbFERZIFBIERT Y TITHED Fv
TRE FHOIHIAE LS KOO WD, T, Fv S
MBED LA EMA T2 S « T IPM &, #ilciaii >
1Y Py TEULTTFEL TWD, AR Cld, BREY 1
FP630 /\w r— ) OBREERFHICD W TR D,

2] |REY AT [PE30 /Ny o—J] DOBIE

(1) BILBLDALIK

W E S « T P630 /N A — Tk, BLAED P630 /N v
T T DMAFIER TR L CWDFPILE F (ALOD KU
DEfERNTVNEL IV =D L (AIN) Z8FH LU TW
Do 11T, MAFIMOBSLERAEIRT , BfEEIR O KIE
FWEICEkY, Jv o ay - — ABOBIKIT Ry, o
DRIGFEHEDN WA TN, BNy o — T E AT
PUlE 30% LLEgE LU7ce &I, IGBT Vv > >ay
WE T, &0 — A T, DA T &, Ao P612 /Xy
=T EDOHETIE, FEAEBED 17% KK & OAHFR) R
T, 30% DL EOMRAE LB Iz,

(2)  wAEHEYE

BEERA « T P630 /Nw o — Tk, MifEIEAR &N — 2
MOBEHMIC, 99 -FPoTFEVR—ADIFAREM EHT=
IZEHEHAL WD, ik, F—AWMEDAT, )ND —
YA DIVt E DO KIEEIC DD > e,

(3) MEESA>VFY T

B 112 P630 /Ny r—TDIVERE, R2ICT1>VF Y
THRT o MBI ENFATHMDOATEEL, HIE - i
FEAIFEEAA /Sy =T ERL CTh D, Fe, LEHER
By - BRI B EEGE/Sy T — I LRI Ch D, ERRODM
PH I 50 ~ 200 A/600V d5 & U 25 ~ 100 A/1,200V Tdd U,
6inl, 7inl OVWINIZHIIEL TWD, BEfF/ Sy r—
EEESY « T P630 /Ny r— T, EEEARDIEILS
FOBEMEMIC LD/ =T D WG EE T S,

K1 IEEEROMCER

E g =ERES 1 TP630 Bf7ZP630
Ny — Nyo—o
HERRER ZE7I=ZOLA FIL=EF
AnER
W/(m - K)J 1700 21.0
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3.3kV IGBT £ 2 —IJLDRILK

Expansion of the 3.3 kV IGBT Module Series

B8] #EF FUKUCHI Akihiro £F (B KANEKO Satoshi

FLAE, FHAEER T RILF—DOHEAERITMHMO TS Y, KER IGBT (Insulated Gate Bipolar Transistor) €21 —JLD
ZXFRBITIER L TWD, EEEECIECNITR A D2, 33kV O IGBT €2 — IV TEMEBIR A 25% W 1 U /2
B AERFME U7z, 08KkA MiEM U /Sw o —3D 33kV/10kA &, 12kA MER U /Sy o —2D 33kV/15kA DN Td
. FyvIRBAI VAN —CUEZEICEY, BAAY FUIMBEBAHHEL TWD, Fiz, MBI IS m L
DIz AIN A, X—2ZMEHTIEE WEBEE MR I D72 AISICRX—AEHH L TWD,

In recent years, there has been a rapid growth in the market for renewable energy, and the needs for high-capacity insulated gate
bipolar transistor (IGBT) modules have expanded quickly. To answer these needs, Fuji Electric has arranged a new line of products that
have a 25% higher current rating into 3.3kV modules. These are 3.3kV/1.0kA products of the same package as 3.3kV/0.8kA devices, and
3.3kV/1.5kA products of the same package as 1.2kA devices. By reappraising chip configuration and using a symmetric configuration, we
can ensure high switching capacity. Also, to improve the heat-dissipation capability, we use an AIN substrate as the insulating substrate, and
to ensure reliability, we use an AlSiC base plate as the base material.

0] FRAHE

IGBT (Insulated Gate Bipolar Transistor) £ 1 —JU
(&, TOMRIBRM: - SHIEG - KB ORET DR S
SHOBIELSERL TWVWD, SBIRE - KEEGEFICHWT
B, INFTLE<LKBEHIN TS/ GTO (Gate Turn-off)
YA UZYHBIGBT EVa —ILICESWZSAN TS TS
U, RERA VIN—YOEEA VN EEEEIDRLIE
HEINTWD, JFICEAE, HBRIEBEILDi kD 7z AT §E
TxRIVF— (JEIFEE - KIGGIHEHE) Oilis I E# IO
THY, COHFHTHEHIND 1 v /N— Y EiEDREFERL
WEA, K%E= IGBT £t a1 — )LD Z— XFAaIcInk L
TWd,

BLEECE, CNFTRERTTANOFHEHEZH >
72IGBT €2 a1 —)LDO# G 17> T 7z, 1200V -
1700V BEES (> 7y T9%E DI, 20104121,
MEE - BER I IC 33kV/08kA, 33kV/1.2kA = &
AL L TS,

Gl BEDZRKEFICOZ—A=ZIF THLWFY J
L, 08kA M&EMU /Sy o —TdD 33kV/10kA &,
12kA M EM U Ny r—2 D 33kV/15kA D% R4
fbUlc, EE5BDEMBIHZ 25% M LT TWD, K

Tlk, TOME - HEREICD W TR D, (b) 3.3kV/1.5kA, 3.3kV/1.2kA (190%x140 (mm))
2] BIRRT B1 3.3kVIGBT EIVa—)L

B1Ic, 33kVIGBT EY a2 — LD AERT, /Nw

r— T F, 130x140 (mm) &, 190x140 (mm) O 2 (3] EHUTFHE

A D Y, LTy 1 —ILEDHEREE> TWB,

linl 33kV/15kA EY 1 — VAR E L T, mAEHKS L 3.1 I-VisHE

CEESR 1 IC5RT . 2 ICEYa—IILOMEBELE - L VY EREEEE,

E1Eii%ER 2012 vol.85 no.6

422 (34)



3.3kV IGBT €Y 2 —JLDRFIHEXR

K1 EBRAEBBKIOHEFE (BX 1 TMBI1500UE-330)
(a) BRRER (BELEHEEF, T,=T.=257T)

B B &£ 5 % E B = iv
ALY -—I=wyEFE Vees Vee=0V 3,300 v
Y—h—I3vyREE Vees — +20 Vi
Is oo 5 7,=95C 1,500 A
AUV O YER
I (Puise) Tms 3,000 A
P N=ES P, — 15.6 KW
RAESERE T max. — 150 T
REaE Tow — —40~+125 T
HEARTHE Vieo AC : 1 min 6.0 KV
B B E V. AC, Q=10pC 2.6 kV
(b) BRHIFE (FBELTIHESIF, T,=T,=257)
7 B &£ = SHBRZEAT &= = % R X B fi
aLoy-—I=s
it v 5m Joes Vee=0V. Ve=3.300V — — 1.0 mA
J—hr-—IZv5H
AT Isgs Vee=+20V — — 48 HA
kI w5 _ _
= Vet am Vee=20V, [c=15A 8.0 8.75 75 v
_ T= 25T — 2.46 2.96
. Vee=+15V j
BIFIE|E (chip) Ve (sa GE \Y;
e lc=1.500A T=150C — 3.43 —
AHBE Cios Vee=0V, V=10V, f=1MHz — 300 — nF
ton — 3.1 —
F— 4 VBFE
t, Vee=1,800V, /c=1,500A _ 5o _
Vee=%15V, T,=150C us
Lot Rs~=%1.6Q, L,=160nH - 2.6 -
57— TR
t — 0.5 —
_ T= 25T — 2.35 2.95
. Vee=0V j
IBEE (chip) Vv, i \Y;
’ l<=1.500A T=150C — 261 -
SRS t, Vee=1.800V, [r=1,500A, T=150C — 1.0 — us
(c) EBIFFIE
IE B & 5 % & /I = % & K = v
IGBT — — 8.0
EIRHL R o) ‘C/kKW
FWD — — 15.0
3.000 3,000
2,500 2,500 |
. 2,000 2,000 | T,
g ~
© NS
g2 1,500 ~ 1,500}
P 12
'y ]
g 1,000 i 1.000 T,=150C
=
500 500 |
(@] (0] L
0 1 2 3 a
BIFIEBE Ve an (V) IBEBE Ve (V)
2 BEMEE- LI YERFHE 3 BEBE - IBERIFE
3 ICNHEE — IHEMIFEZ /R T, IGBT K FWD(Free Wheeling Diode) F v &, & B ICHEMEE D K CIHE
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BriiE—3

3.3kV IGBT €Y 2 —JLDRIHEKX

BIEDNIEDMMERBEFE D, IEORERKEFFOFv T
&, BAMENE< 5D ENHIEMRAE LS &Y, BRH
WNICLK < &ED, TDIesH, Fv TOWEFTIEREDZE W\
KZERIGBT €V a — LN CF v THOBERE T, &
¥—Abd DL IS, BH/NS Y A& HEWICHKS
%, 12kA E¥ 1 — L&, IGBT Fv 7 CEKB50A) 24
il - FWD Fv & GEF 100 A) 12 & IEFNITHEHE L TW
%o, 15kA EY a1 — I Cl&, IGBT ¥ v 7 GEMK 625 A)
241 - FWD Fv 7 GER625A) 24l &l —E a2 —
JVICHLE C& 2 KD ICHIARIER N ICECE U, A& TEIT %
25% I L7z,

3.2 RAYFUIHH

B41Z, Ve=1800V, R=+160, T=150CICdH S D
EREF (1500A) CTORAA Y F Y I ART . 5k
FED ) A X DRSS HEY—JEEIFFELTES I, Bif
FEIETH D,

Filz, BMWETY 21—V, TOEMAMENSEWETHE
PEDRO DI, BAA v F > IR R A D & E DL

Vee=1.800V, /c=1500A, R,=+1.6Q, Vee=%+15V, L,=160nH,
T,=150C

oV - V/V/; 0V/div

S N DU W |
Vet BOOV/div

/c 1 5O0A/div

oV _
OA t 1 us/div
(@) ¥—r= Vi
Vee=1.800V, /c=1500A, R,=—1.6Q. Vee=%£15V, L,=160nH,
T,=150T
N, Vee: 10V/div
oV —

A
A

ov | %

OA t 1 us/div
(b) &—> 7 TR

/e : BOO A/div
Ve : B5OO V/div

Vee=1,800V, /r=1,500A, R,=+1.6Q, Voe=+15V, L, =160nH,
7,=150T

Vak: 500 V/div

ov
0A /

I¢ 1 BO0O A/div /

(c) FEEOHERRZ

t . 1 pus/div

Thd,

®5 ()2, Ve=2500V, R=—16Q, T=150C IZ & F
Y=Y HIDWHHERT, 1=4700 A CGERD 350 1D
HHEW CE DN EFE> TLWd, B®5 (b)IT, Ve=2300V,
R,=+16Q, T=150C IC & |F D B & I %= /R I 20us
PEDHEKETOHIERICY —> AT TED, B5(0)IC,

Vec=2,600V, /[c=4,700A, R,=—1.6Q, VoG=+20V, —15V,
L,=220nH, T,;=150C

\ Vee: 10V/div
oV — {\-—ﬂ_

/e 1,000 A/div

Ic:14,700A

A

Ve 3,300V

Vet 1,000 V/div

OA t: 1 us/div

(@) ¥—UF TR

Vee=2.300V, R,=+1.6Q, Vee=%x15V, L,=153nH, T,=150TC

[ Veeitoviv
oV — |
[ b T
Vet 1,000 V/div A
=
ov / 20us Mk | /o 2,000 A/div
OA t : Sus/div

(b) FEHERAZ

Vee=2,300V, /;=2500A, R,=+1.0Q, Vor =+20V, L,=220nH,
T,=150T

\ V't 1,000 V/div

ov U

OA
/¢ 1 1,000 A/div

(c) #O{ERRZ

Pra=6.2 MW

t 1 us/div

5 KERCTODRAVFUVIFHE

4 TENBERCDRAYFVIFHE

6 1.5kA EY1—)LORBALMES
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3.3kV IGBT €Y 2 —JLDRFIHEXR

Vee=2300V, R, =+10Q, T=150CICd5|J ¥ mE k4
RI e P CEWH X EBEOER/ND —KKME) D62 MW
TH, IEFICHEBEIIELSTTEE Ch D,

KREETY 2 —IVIE, Fv TOEHERENEL <, BT
DPUNTYAEIELDPT W, 61T, 15kA TY 1 —
VDB FNEEEE R, Fv TEREES YA RY—ICUL
fzcEick, BRROP NS Aawie/xfRU/~a< U,
EAAw FUIMEEMHERL TWD,

4] Nwvor—IEs

REF®EA VN YEEICTHHINDS IGBT EZa— b
ICI&, ®EEME, WEme)) (REERD DR NS,
33kV IGBT €2 — LTI, #fkItkdlixzae)im Lo
72, EEY 2 — IV T—RIRHASTN TWDS PILZ S
(ALOy PEILIFWFE (SizNpD KU ERES/S 2, 5 ~ 8 i
BmWE L P ILI Z DL (AIN) #ifEEHREaRA L. T
Ak, |1 (ORI RWEIILE FEBLU 72
EIEETY 12 — L ClE— IR — 2RI WD
A, 33kV IGBT €Y1 —JLTIE, mWSEMEEESR T S
7= 1T AISIC X— 2 & FRT U1z, AISIC IF Al & SiC D#
AWHT“@‘U BRI AIN MR ICIE W, DT

, IX—Z2 AN TeE— YA DILFEGO/INT YD
w# TR LT D, £z, X—2DOMPIEIRE @Y I
FHIDCEITKY, VOV RBOYH (NWzA) B
mExtE Vs,

(6] dDEDHE
AFEClE, 33kV IGBT €Y1 —IILDORFNIEKICDWNWT

WBARTz, REZD 2 —IUidk, BERIGFEDEBIGREICEN T
SV, FAETRT RILVF—0FSROHEm S CHEMTS

Co N—AMEHE,

SEMEMEL TWD,
SR, BTDSBEDEMEREL - EASEMEILITH D H
H, RIS A DE MR ZEIT> TOWSKFHFETH D,

SEM

(1) VEA R E D IGBT/N /8D —E T a — b, & LR
2008, vol.81, no.6, p.390-394.

(2) VEAZERIED. 3L~ 2 N— 5t KERIGBT DR
b —@ffiis/ Ny o — T— B LR 2010, vol.83, no.6, p.370-
374.

(3)  IIARIEH, FHUEEH— HHARAERE2InlIIGBTEY 21— L. &
“LIEHER. 2010, vol.83, no.6, p.388-392.

(4) IAFHWED. REEFMARIGBT L 1 —ILDRFILK.
B WL 2011, vol.84, no.5, p.317-321.

(5) WPISLIE & 33kV IGBTE ¥ a —Jb. &+ k¥R 2007,
vol.80, no.6, p.397-401.

(6) HEILHEIEH. 33kV IGBTEZY 2 — L. &+
vol.82, no.6, p.371-374.

(7) Minghui Zhan, et al. “3.3kV IGBT Modules with Trench
Gate FS Structure.” PCIM Asia 2011.

IR 2. 20009,

fmE REF

IGBT%/J—)IJODE‘F] REEHIC e, BT,
B RSB T 7 /80 AR FEAREE/ D — i

ﬁ@ﬁéﬁ' SRR SE € Y 0 — LA ER .

E{m‘-

i

&F f@se

IGBT%E/;*)I/O)B%%% XEHIChESE, BIE, &
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[VU—X] IGBT €Y 2—)LDORIILEK
—INEY T LTIV PIM—

Expansion of the IGBT Module “V Series”
— Flexible PIM —

I} EE{HE KOMATSU Kosuke FAZE {75 KAIKenshi 1SR Ef3E SHIOHARA Mayumi

BLEEE, EEEROBR TRV —EEB T S200D IGBT EYa —ILAKE - L, XML C/z, TOi
P EZILITTES TWD, 4, IR (~50A) BiomiE b - ML - eEfbe e L <, MO+ T
JU PIM (Power Integrated Module) %P3 L, &%{t L7z, IGBT - FWD (Free Wheeling Diode) 11245 6 {48 TV
IU—X w#EAL, ANX—AL 2D/ =TIk, B REC45% O/ L, B w T 75% OiFm b A ER U Tz,
EViTORIRIE, BHEODZ— B U TIL AT+ v hEYEVILIEVYHABRINTET D,

Fuji Electric has been engaged design and development of insulated gate bipolar transistor (IGBT) modules for society to achieve energy
efficiency in industrial machinery. These modules have a wide range of applications, and we have now developed a lineup of flexible power
integrated modules (PIMs) for the purpose of increasing the efficiency and reducing the size and weight of low power devices (up to 50 A).
For the IGBT free-wheeling diode (FWD), we have used the 6th generation “V series” and have reduced by 45% in footprint size and by 78%

in weight by use of a copper baseless package. As for the pin terminal configuration, customers can choose between press-fit pins and solder
pins according to their needs.

BALASEIL U, F/z, BHEHHEIO RoHS $8% 13 U
285U —NXwhr—3IChde

1] FADE

ND—T Lo OZD AD5E Clk, fek, «>/N—

e AYN—YNEEREIORPERICHEHIN TS
Tz BifE, BHEWFETOFIE IGBT (Insulated Gate
Bipolar Transistor) CTd 5.

HL#EEIE, IGBT - FWD (Free Wheeling Diode) 7x

(2] g - HHE

NI L F 2 TV PIM O#EGRY =R 1, FMBIER
IZ7RT . 1200V R IEEHEH 10 ~ 35 A OFPH T 5 B,
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EHEBOFETE1 /Ny —IMb U7z IGBT Y 1 —I)L%&BH

FEL STz TNAEAVN—F « AVN—YAES A5 L ®1 INETLUFYT)LPIM ORBRT
Eﬁv&;;H§§¥%ﬁ®%%®%I*wqiﬁméﬁﬁb ermE | TR | g | tor—y st
TWBo LTI, € OISR Th<, =R
R > LRI TS F TEILITDI> TWD, & 1oA M7os | MORTOVKAT20-50
SrEFORIE DI, BRHAL - AL - AR (L5 < K AL Sz Z/MBRISVIKAT20-50
HENTVNSD. KERMO T, FFICT P > i 154 | 742k /MBRTSVKB120-50
EDBTOERNH . —J7, KR T O - #k e M7&7 | 7MBRESVKE120-50
FEALIC R U, FERBRERD /Sy 7 — 2 THIB L TWI5E 1200y |22 /MBRSSVIKB120-50
WERDOFIRD, & BITHD/Xy 7 — J THIETE B & 104 M7os | MBR1OVKG120-80
SIEHE>TE WD, CDOEDIT, MT/IERD IGBT 154 . /MBR15VKC120-50
Y2 VOBER, REBMICNA EFEMEICS VT 15a | R /MBRTSVKD120-50
SIAL TNDS, 25A M729 7MBR25VKD 120-50
CNBOFEICH U, BHER CIEH UL/ IGBT S5A /MBR3SVKD120-50
EYa—IEULTTL—FRESANN—% - AOVN—4 10A 7MBR10VKAOB0-50
EYa—IU BT L FTIVUPIM (Power Integrated 5A | U= M726 7MBR15VKADB0-50
Module)” &BH3EL, RHULL 7z, el EAARY /MBREOVIKAGB0-50
LSRRI C I, HT D4 6 #HAL [V > U — X IGBT S04 7MBR3OVIKAOBO-50
Fv I FWD Fv JaEiRU, 0% - N a 928U soov | °° M727 | 7MBRSOVKEOB0-50
TWB. WS TIE, FEk0 IGBT € 1 — LB & 135 194 7MBRTOVKCO80-50
15U N A LW C & IS d U KBV - 8 PR s | e | IETERROE0
20A e 7MBR20VKC0O60-50
CPE> RoHS 4 + AT T-HHR 1 2 31 % R SEAT 400 1 0D Y S0A /MBR3OVKE060-50
ICOWTD EU (FRMIE) Dissr 50A M729 7MBR50VKDOG0-50
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1 BT LFTTILPIM

600V R IF BN 10 ~ 50 A DFIPH C 5 AKX A R5I{E L
Tzo HIC, U TIERD 2FFD D CHEF 20 WA TH 5,
INw T — JIEERITE U T, M726, M728, M727, M729
D 4 HHHD D D,

FRANOBFIE, WINBEMI Y NN—=&F, =M1 >
IN—=%F, TL—FEH DX NTC (Negative Tempera-
ture Coefficient) H— I 24 TN TWD, b—=
HICk> TEY 2 —ILHFDT — AE=E ) PILY A LI
TEZHIDET, WHEROMELMIN EIREETFEIC L
Wb,

Flz, FFOMILTRITIN U TEY 2 — LT D5EmE
MHOEINTEDLDIC, TLRATrw hEYD/NNY T —
> (M726, M727) &, VILYE>D/Nv o — (M728,
M729) D2 =EHEL TWD,

(3] BRI

AYVN—=IEHB IS T L —FEITIE, POV U —
ZIGBT &k F FWD 4R L T\ %,
VU—XI&, chEx<To 'uzyy—Z ) CTHsELE
Ta—ILRAby T (FS) ML L YTFH— s
H#ELSETWVWD, MERTORBICHERIT S2HIC, V
S —ZDIGBT PFWD DO Fv FJESEHL L, H
D, Fv ITNOF+ U PRES i aik#ibd D LIk,
F v TO/WNEE EFRIAGREERL LTz, V 2 U — XD
TIRITRT
(a) FSHEELE ML YFH— MEEDRHEILIC KD A >
B Vg o &AW F > JHBEICDEIR
(b) dREY v U3 Vil 175 CHEE
(¢) ML A AD L — KA Tk
(d) 27— MEPL R, [T KDY — > > di/de Dl B
s
2 I, 7MBR35VKDI120-50 @ V=600V, I.=35A,
R,=12Q, T,.=150CICH T2 A1 v F > JEIEERT,
Y=y A I CIFERBEECBADELEY — JIFEISEINT,
WA CTIEFIRDE WY 7 b U NN — AL L TW
%

Vee: 20V/div |

A
oV 1 ,’! ¥ ¥

Y NSS SIS TN S— —

ol I\, I. : ;
Vee:200V/div. M Sl ]
ov | L Ic:25A/div \ ' =
0A | i

t: 200ns/div
(@) 5—VFAigRR

|
OVA—+————N— Vg 20V/div
B R o Rt
| Py 1
Lic:esaav [ Y
. A
o | _ /[ Ve : 200V/div
08 i 1 T
t: 200 ns/div

(b) &—AF Tz

| /o 25 A/div //'-"’-‘_—M'T_M
ECARSSEAAN\

ov e
T
OA Ve : 200 V/div_

t: 200 ns/div
(c) BEERAZ

2 RAYFUIKR ([7MBR35VKD120-501)

4] Ny Ior—JiE&

4.1 B4k - BE(k

INELAL - Bk =K I D 72 IZ, DCB (Direct
Copper Bonding) &M DHVEHEED <}k dS K O Elg /N4 —
VIO ERE LU Tz, SVEFRIE, T — AL DIRE
(DA TD) BEEITDEEDIT, BIEE/Y — > ARKR
MR TS DL DITEREI UTe, Tz, MK/ — VR,
FEVERE DMERF & Il /XY — > DI R LA d D ~FikIz U
Tz CORERE, Pk & W& DM - SR U
DD, ANX—RAAEREIC Uz, INICTKD, FERMICHAX
TRIE/NE - B LI UTe, &z, EYa— L%
ISV T T « VI UM 2SR LI &,
TV IO - BREIC/E S Tz, BIC, DCBFEMRA
DFFEDAFFEEDIE LR L TWD,

K2, NI DL F2TILPIM DAL & B AR
9. M727, M729 /X v 4 — T 1E, 50A/600V, 15 ~
35A/1200V [THFIE L TWD, FER S TR U @B D
M711 Xy r— o L lkilgd 5 &, NIT L+ TJIU PIM
(&, WA HFE < 45%, R T 7% H Lz, hiTk
D, FEZZEEO/NRE - RO A MEICKS < T TS 5,

o, WMHEIREBFFEHRODIIZHICDMC (Data
Matrix Code) DL —HHHIZ4T> TWD, EHIMRED#
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VU—X] IGBT €Y 2—ILORIFYPEKR —N\EBTLFT)L PIM—

F2 IINBTUFTTILPIM OAFZEESE

JY—XZ INBID LFDTILPIM EP2 (1E3km)
Nyr—I% M726, M728 M727. 729 M711
e a— 10A, 15A, 20A, 30A/600V 50A/600V 50A, 75A, 100A/600V
HES SRS 10A, 15A/1,200V 15A, 25A, 35A/1,200V 25A, 35A, 50A/1,200V
62.8 ‘ 56.7 107.5
O ®, ‘ O
(Q O ©
3 []ioREHIc i .
o © 2 O @
o
A 48

°

M726:L62.8XW33.8XH16.4 (mm) | M727:L56.7XW62.8XH16.4 (mm)
M728:L62.8XW33.8XH15.5 (mm) | M729:L56.7XW62.8XH15.5 (mm)

g 2 25g 45g 180¢g

ol
B

L107.5XW45XH20.5 (mm)

BaRBEETORE T, Wbl —HEU S« BIFRETE

%, '
! (¢
(
4.2 ﬁﬁﬁﬁﬂ%. ""?ﬁﬂﬁ w5 =
émﬁo¢&7u¢y7meﬁ,t/m%ﬁ%ylf (a) TLRT1vhEY (b) VILFEY

W EmHS DR ERHL TWd, E Vi FEEIXT
Vg — )V EHNDIFIFEMHD DEEICE N TET DD C, B

VT & P — AWM O EEE TR L DD, SFRSE Q
¥ FECE D ZRICIN A BN D,
Ui - OSEmIERIE, BEOH. TRICAEDE TVILYE Y e ———
VETLUAT 4w bEYD 2HENSERIN TS D, HEkM
DITLATav bEVIE, B EEBERDRKS WHEER 4  EVimFOITmAZR

Au7 IO T, (FARET) —OMI TR L T
WBo AT LS TILPIM Cl, AT 2720 I 5
WEEIROD T AT+ v hEVEREL, fEkMERED BAEEMEEMIEL TWD,
Ny —TE, BB E U T RoHS 847 123 U 728

JU—=—NRwl—IELTWD,
i P A AL A
/
@@@@@@@@@@@@@ (5] [CIEEHERKE
0000000000

Bl @

O 8@8@%%888 O ®5Ic, NEIT L F TILPIM ORE#KE R, =
0000000®®00 FDOAN—YF, ZHOA >V NN—8E, TL—FEd kK
000000COBE0 ) . ]

@@@@@@@@@@@@ UNTCH—Z29%& 1 NXvw o —I2HTWVWDRH, 1
(a) BTEETAEEEE BCEMI A VNI T TS D, cNhick), 1V
\— A5 FIAP S O =t AL AV £
P —— IN—H 2 25 INDO/NELES K OEEE DT ORI AL O A

00000000 fema™ e
I, RO PIM B HERAZD, B HEEY T
| 2 (N S+ >) &L TWD, ChnITkD, BEE
(b) #HF—7—RRIEERE EICHW T v > MEPIDER O 775 & RO BT
HTATD T EDTE, S RXU MIVEIHY, K UMEEEEE

®3 EvigTFODEE TAREDTREIC LD .

ELTEEIR 2012 vol.85 no.6

428 (40)



V=U—X] IGBT EY a—ILORIHER —I\ET LF+2T)L PIM—

O O
P Gu ZSG:W[ N
N N N
%” % By T1 T2
stetet g SR
N N N
Gb
O
Nb
(a) IJ\§=7I/=FJ7'JD PIM
O O
P G ZS MNGw [ N
X X & > o—ﬁ
Ry By T1 T2
a1eTe1 818 Lot
N N N
Gb
O O
N =
(b) &R

5 INEBITLFUTILPIM OEEEIERL

(6] HEhE

N—A L A& 1C K D/ AL - BEALGS FICHE T &
DEADNEGEM S /Ny r—IHE AT & Ule/hER
IGBT €Y1 —JU “/J\z_tj L4 JILPIM” OB RYI &,
TORFBIC DO W TN Tz, RETIE, &FOHE 6 1AL [V
21— ] IGBT &K FWD &4 U THB AU % i

ELTHY, MEEAVIN—FEBEITRD NS EHR) -
N R ICRE < ﬁﬁﬁf%é%@tﬁﬁfa@'éo

E- BEEEEMEL DD,
EV I

SHb, FT0H
E*&zﬁﬂ@“édx@; IGBT €Y1 —JLDOBA%E -
11> TOWKFIfFECHhH D,

SEIR

(1) ApEFR A ED. H6HAUGBTEY 2 —JL [V U —APIM
B HEH. 2007, vol.80, no.6, p.388-392.

(2) WMEHFKRED IGBTEY 21— [V U—X] ORFIML.
‘= LR 2009, vol.82, no.6, p.380-383.

(3) Igarashi, S. et al. Low EMI Techniques for New
Generation IGBT Modules. Proc. PCIM. Europe. 2007
Powermodule p.13-17.

(4) Kobayashi, Y. et al. The New concept IGBT-PIM with
the 6th generation V-IGBT chip technology.

(5) BB AIEH [VZU —X] Fv THEWOPIM - 6inl
IGBTE > 2 — LRSI, mA:kHk. 2010, vol.83, no.6, p.379-383.

e BREa

IGBT €Y 1 —)LOIEETICHESH, BlE, &
B EHET 7/ AR/ D — ik
HIEIE R Y 0 — LT

HE #EF

IGBT €Y a2 — VOB SE - BaH e, BT,
LRSS A E TN AFEARE/NT
AR SRR R T Y 2 — VBT

1IRIR BH%

IGBT €3 1 — LD WA FET, BLE, L
R SALE T/ 1 IR S — b dh
PRHITIEIE Y 2 — LB
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Compact Type IPM for Inverter Air Conditioners

LU 8] YAMADA Tadanori

{EHE {85 DENTA Toshio 2l 8 SHIRAKAWA Toru

AT xIVF =B (APFH#ER) [T#EG U Y NN—y T 7 aAvmiFlc, ALxILF—EiEes s icm bz
IPM ZR% U7z 7« — LR A hw JRIL L > F 5 — bEED IGBT &, ®# FWD SHMAGDESIET, TV
& O THEGRAMBIMEREOHRER 25% KK L TWD, SHIT, HEMZEOMBGIERE BT T & < & TEMPa L,
IR IC K 2R EEHOE THRE EAEMIHIL CWD, Kz, HIEREICE, #ERREREDRE L > > v ThkEe, I
B PR C DOREREEE N L TV S,

We have developed a compact type intelligent power module (IPM) that achieves greater improvement of energy-saving performance for

inverter air conditioners that meet energy-saving regulations, conformable to the annual performance factor (APF) specifications. By combin-
ing the insulated gate bipolar transistor (IGBT) of the field-stop type trench gate structure with high-speed free-wheeling diodes (FWDs), we

BHEHE— I ZNAFI T 7 RN A — RS NH R I

have reduced loss during light-load operation, which is an important factor for air conditioners, by about 25%. Moreover, using an insulated
metal substrate with high thermal conductivity reduces thermal resistance, thereby suppressing temperature rise by incorporating the effect

by the loss-reduction. Moreover, the control circuits incorporate several protective features such as an overcurrent protection function, a

temperature sensing function, and a low-voltage protection function.
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Application Technology for Direct Water Cooling IGBT Modules in Automotive
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Car manufacturers are proactively engaged in the development of hybrid vehicles and electric vehicles. To contribute to the miniaturiza-
tion of in-car inverter units, Fuji Electric is developing insulated gate bipolar transistor (IGBT) modules that use direct water cooling. In ad-
dition, to support customers’ inverter developments, we have studied water cooling jacket structure for IGBT modules for use in automotive
for realizing both high radiation performance and low pressure loss. Moreover, we have developed application technologies such as reliability
design based on driving patterns of vehicles.
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BHHEAFE 4IPS [F5100 Y U—X]

4th Generation IPS “F5100 Series” for Automobiles

g

BEiR 575 TOBISAKA Hiroshi )| 1 NAKAGAWA Sho H £5B3 TOYODA Yoshiaki

HENHEEE Y A5 AICTHH S NS BEAREE TE, AEME, SEEMEL, RSO ZERDEF> TWD, NaexzlFT,
HIJJB/ND— MOSFET & JL — 38 b LY FRICU, 4 - PREE R OMGL D 2 @ BCREl & 8 U 72565 4 AR
IPS 'F5100 > U — X ) &R LTz, §m®74/7vju,%%®SOP8Avb VIR U T2 1 T+ IV 7ES IZTH
— YA XD T —TD2F v XD D, FESFHIFKDUD CTh D, #ERDE SR ARSI & DB, K
ERIFEEIE, WEHDH AT Y 2T ONES KA VI 05> ZAMEEOHESY — > 74 7 Chd,

There is an increased demand for small, highly reliable, low-cost semiconductor devices in the automotive application.

Accordingly, we have developed the 4th generation IPS “F5100 series” by changing the power metal-oxide-semiconductor field-effect
transistor (MOSFET) in the output stage from a planar structure into a trench structure, as well as by employing minute circuits for control
and protection circuits and applying multi metal layer technology. The product lineup contains l-channel devices mounted in existing SOP-
8 packages and 2-channel devices of the same package size. These devices have the following four main features: short-circuit protection by
functions of detecting overcurrent and overtemperature, low power-supply voltage operation, status signed output and high speed turn-off
function for inductive load.
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LLC Current—Resonant Control IC: “FA5760N”
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LLC current-resonant circuits have attracted attention as useful circuit systems for achieving a highly efficient, low-noise and thin
structure of switching power supply; but there are problems that the power circuit scale becomes larger due to the need to include separate
converters for stable operation. Fuji Electric has developed the LLC current-resonant control IC “FA5760N” , which can be used to construct
an LLC current-resonant circuit with a single converter and which enables operation on low standby power. A 630V high voltage driver and

a 600V start-up device are built into one chip. The new product gets rid of the problems with previous LLC current-resonant circuits by
using protecting circuits and an intermittent operation mode to avoid the short circuit of the half- bridge circuit. This product is capable of a

wide range of applications.
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6th Generation PWM Controller IC: “FA8A00 Series”

EHIE i YABUZAKI Jun AR 18 YAMANE Hiroki I\F&  =ZHI] KOBAYASHI Yoshinori

TFASA00 >~ U — X I&, #HBHFED 0.35 um 7Ot AFH i 2 @)t U 7248 6 X PWM (Pulse Width Modulation) &)
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FEFEHU THVATXRILF - LEBEZATLOIARNY I VITHKTET 5,

“FA8A00 series” is the 6th generation pulse width modulation (PWM) power supply control IC, which utilizes the newly developed 0.35 um
process technology. The package is a small outline package (SOP) 8-pin and builds in a 500 V-capable startup circuit. Through a newly
developed X capacitor discharge function, the discharge resistance which was formerly necessary is reduced and about 20 mW of resistance
losses are reduced. Furthermore, by reducing the IC current consumption to 30% of the conventional products, the standby power of a whole
power supply is realized 30 mW or less. Moreover, through optimization of frequency reduction properties, the average efficiency realizes 89%
or more. This can contribute to energy efficiency and cost reduction of power source systems.
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