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Power Semiconductors: Current Status and Future Outlook
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v FYIER, HRGEEREEA S AT N R
ﬁélﬁﬁﬁb?méo

RO —ICBEE UCId, WMHGHERED TV £ &

(= 8)SBD

Schottky Barrier Diode D Cdh 5. &)m &8k &
DEHICE> THEUD T a v bF—BREAFI L 7z
WNERH AR DY A A — R Thd, TOENIZELNE
Ik U, SiC-SBD ® FWD N\ D E > ¢
Wd, ¥+ U FZBAT I S PIN (P-intrinsic-N)
LA —REBKLU T, EHF+ UFPOATCEHNET D
SBD IF#i I A E— RO, IR /S W,

(x YNT—F1RXRIU—1

XD —F T @D IGBT © MOSFET % 1 #¥-, Frzl&<
NITHEIEFNIC S 1 A — ROFFEASI NI 1inl EFIFEN
BN DSHER S N B/ —PEAETh D, BiIRIE,
PHMICEY LA 7D RBfkE> THEY, TO-220 ©
TO-3P 3 EBNB D, NEwmsy 1 D PC B,
BRI, WA« AT+, INRTE—5 Ofl#EmE
HarLITfEbNTWS,

(% 10)/\D—IC

IND — T EHIH - PR & — D O ATy Tk
ICHaH U e @i IC ChD. /NI —T Lo bhO=
AR O/ DAY R B T e E U, S,
Bk, RAEOZMEICIHEU TV IS5 2H5 1,200
VOIAETOLDOHE TSN TWD,

=
==]
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IO —HBHEORRERE | BREER

DAL TFICTEE IC &, FleHEEHETIET Y
Iy, hIVRAIvTay, JUL—F5EDOHBIERE
> 25 AIIFIC IPS (Intelligent Power Switch) %
MM EL TWD, Cofilict, HBIHEPFOA FF 1%
PIEDEYYERGL THY, HEHEGIES A5 A
D/NEL - EREEAL, BEEOR EICEBL TWD,

T, INHOEFZOFHHWVW DO |
[, FHAfrByn = §ICHIH T 5,

3.1 SJ-MOSFET

i FE 600 V 1 ft 32 & % #E7H 0 5 i E MOSFET <
1%, EZMEAET D7ZHICRY T HEEIEN D HEE
DR—EYTEEE FIFSD, B 5LEND D,
TNBFWFNBESIAIC DO EAD T END, Pk
) ED 7= I BHEHEED kL — KA D&%k #d S
PVERSHD, CORL—RATHFBICTL—0 2 I)—
HHEEBULEON, A—NX—I+ > o3> (S
W% Ch B, STHEDRMICEU, 600V R/ —
MOSFET O R,, - A I&, ¥5r® 1 KIS NIz, E6
(T HE kA & iR U C ST i DMK ZE /R~ d . ST Hl
ik, p/n ES—BRHEITIEATZRNEIEIR (S]E) A&
B, LB CH, SIREZBETEY+Y vIURE
ERFMIRERIC K VIR L THY, A1 v F > IR
PIFEIEDS DT EEE U CHEERESAA ZFIEL TW
%,

3.2 FEEIC
BIRICOHY CTlE, ENAILERDO P Y THE
FP32 1 >FLUTDOTVOMAABR CEHIND
Ck 12)

PWM -IC D8t ¥5 &R DK 50% & i &, 40 « > F Lh
D TV DHBEHAREEDBEERGE TEHINS

r—k V=2 r—k V=2
- + D“L‘* ~ n_'_)égph_%{pwu =)
nfp|n n n n
nt nt
S S
(N % N
(@) R—=I\—Ivrooavigs (b) &R (FL—7) @&

6 fEkiBEL SJ EEDEIEE

LLC it 33 M IC & PFC #l4# IC =P+ TH 30%
a YD, BFEROMKID R ME, AL, HEE, K
J A Z b EDERICHEWN, BFRICICBHINDICEH
kI DPEREDRO AN TWD,

g LEKRO PWM-IC CTlk, X-O> 7 > S ikERGE
PNDT—ATE—REHNHT DI & T, RAEEEIIL
EEBLUTWD, Kz, kD&M & 1)
IBH5CET, BFEOBEMN LICEBKL TWS,

24w FYTBFCIE, ANITEEIY T VB
WHNTWBH, Thick> CTABTERDEEHO T
AEHIEERDNEET D, TORE, BEHL DL
Ul / « ADVEPRORSR IS E S5 272, EHER
Il U i OB R IC 7> 72D 9 %, €Dz
&, Ak —EHELTICT S EHRHBHN TV
5. COMBEEMYT D72 IT1F PEC BIEEHLEE T
&b, PFC ME&IC K EFE oM 721 Tldm<, 71
FUYHEIT L DENTBEIH ORI RE LD D, ik CIFE
RO S AR 9 80PLUS #EiEN'H U, T
[F 09 LLEDFE WD RHBNTWVWD, TDED7%
PFC M =HI L, BWHREEHEB T D720 ICU%E T
BLDH PFC-IC Cdh D,

LLC FROFIRIVNN—Y I, > TIlaTUw v
B CY I N2AA Yy FYITREF TS, Thick> T
24y FUIERKRE ) A XERBETETD, e, 75
N w Dl 7x & &R U TR WIRE O MOSFET A
fEATE, ElERERBRTETIHELEDAY Y D
Do INHDOFFEND, BRI - K 7 XOENTCE
FEHRXTH 2K, AJJELEDAMOERICHTV, &
BAMRFDIBEDRKRESWVWEEDT AUy DD, T
T, LLCHRADAU Y b =B UV N—Y=EH
IBHEHICIE, FIMICICED Ty hO—JILAEEIC
ARSI

&L CIE, PFC-IC &Kk **LLC-IC &# b L
THY, ENZHIEIC KD EFROMREM LICEBL T
WBe

3.3 IPS

HE)EERE S Clk, ¥ 257 LD/N4L, &1
AL, BRI OERDNFEE > TWd, BIAIE,
MOSFET = ##d 586, > AT LDEFM: &R
I 2728 (T 1338 FE it O i DN EVER R 7 & D PR FE B] K S
W E 5D, TD MOSFET & £l 14 3# [n] 4% % & O
MICHE—DD/INv I —JICHERLZLDHIPS Td

(* 11) SJ-MOSFET

ek D MOSFET &L T, FFDR,, - ATEE

24y FUIFRFERHWEBNIREOHTRD—D T

RLA >,V — BT ORISR S NSHE A VPO b L — R A DI ERIEICE#E T 5 ED D0 DCADICHU, —EREBTAY - AT ek

H/SD— MOSFET ICBW T, fERHGEED n BT <& 5,
RUTREEEEL TWe, iz, RU T M@
% W7 pn 7S AEIC LeBoss, 2—5—v+ (% 12) PWM

BU, 7Y ORMIEEZ{fbeE 5 & T a2 ts
D, 1 Y/N—4TDC-AC BHREFT DB &IC—#
WITHWVWBNTWS,

> 223 ¥ (SP-MOSFET T %, S]-MOSFET I, Pulse Width Modulation (/L AWEZH) DM TdH 5.
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QBT 7R UNA—RENH MR I
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SHHE—3

RRERZ | /(T —EBHEORKE RE

Do COBMBICE > THHMEBDHIR TS D7Z21TTIF
<, B L RV TR R e AR TS D LD
IC7%5% ., B#EMECIE, MOSFET &iilfHl IC & —D>D
Fv FICEBILUTzD > Ty THEEORE IS A, K
BIRHICT v THYF v ThEEOBBEREBL T\,

DY Fw THERED IPS #4 CTlEk, Ay - THl#Eo
BRITIMA, WRERRMA 7 Y Taefdiu ey =7
A IPS 8B ILL TWd, Fiz, Fyv TAVFv
TR O KR IPS Tk, bL > F 45—k MOSFET
LICHIBNIC &R T D2 & C, MY o — I TR
P GRRK5mQ) AFEHML TWD,

(4] IND—3E(XDRFEIRT

T, BEERICDIT D/ — 8RO RIS
PICBI U, MEZEA RN D, sHllE, AF ISk < &8l
M AEBRWZEE 20,

4.1 1.2kV SiC L YFH— I MOSFET
BELBEECIE, AI-SIC EY a2 —ILAEEBRUIZAH
vV — 22— PCS D&% 2014 EICBHIGELTze T DE
a —JLICIE SIC L —F %' — ~ MOSFET A#RH L
THY, TOENZEREICEK VRO ESEILL,
- R LICEL TWD, AI-SIC EY 2 — LD
5755 MR EIC 1, SiC-MOSFET ORIEKIILH A
BThd. CIVEEZRN ML) cE5T &TK
WL e Tdh 51, JL—IF 4 — k MOSFET T
[F S B 7 2L D W BRI T > 7z T hITxt U,
FLYFH—RhERAVNIE, BRIEASTEE Ch D, &
DEOFEEZHD, BLEETIESIC NLYFH— b
MOSFET ZRi% L CW\Wd,
CORSEICE D, BAHA L2 O >V IRPTIE,
JL—3F%— kK~ MOSFET IZxf U b L > F 5 — bk
MOSFET TIF# 50% iR d 2 Z &b TSz, &z,
JFRAEAIGRT 5 & T, ¥— A ViEEE 47%,
& — A THRE 48% Ik LU 7z (234 X— “12kV
SiC kL > F %' — k MOSFET” &),

4.2 AI-SiC2in1 €Ya—Jb

D ESY, ELEEEINFE TIC AIL-SIC €
Ja—JLaERFEL, AHY—S—H PCS IqlJ I &
ZhIE L TWD, S, 5755 /NT I LEEEN
D AI-SIC EYa—JLEHAEBEIEL, BiCARIKEO
FPERE D >N N RLIP6S A > /8 — &[S D All-
SiC 2inl E¥ 2 — L& B% LU /e, SiC-MOSFET (&
Si-IGBT & M#R U TEE A1 w F 2 IHEECdb D H%,
24w FUTHEICHBL TH—IBEHRRS <D,
TDIH, EVa—IVNEBDORM A > 085 > A=K
WI DUEND D, Kz, SiIC DEBIMBIEICHTZ D

ERNTESDREEE NNy T — I B EITHED, IND
DER ATz I JiihE /Ny o — I &S L Tz,

BAZE L7z AI-SiC 2inl E¥ 2 —JUIE, Si-IGBT €
Ja— iz L, Y—VAUHEREHN62%, Y —>
A OHERER T4%, WHIEERZH 100% iR © C
EMTSTz, Fle, — W1 VN— YRS
Tal—yavaEilizcll s, Si-IGBT €V a—
IVITHR USSR AR 46% B TS 2 2 & =GR U
7z (238 X—=/ “All-SiC 2inl EY 21 —IL” ),

4.3 AI-SiC €Y a1—)LOEmEE

HIAE, SICTNA AFEICREA T A>DPF—%
Y= N IFEIRE WS T2E 1kV BEOTT8 T &
HiEATWS, LKL, 4%, HEV D EV 5 £ D1fE
FHZzEm< KON DHHED, HE 3~ 10kV FEEE
THEASNDEE - EESEFIITOEETRENDOAR
Mk AHEI N W5, BmhEE ik, ftko
TA YRy T« Y IESTIVE LD S D& DY
8 E A T U Y S AR E AR BRI P70 A% FEAR % 8 B
THILEULIZN\y =25 L, sEEE LIS A R
it EfLBHEE Uiz,

FHIEA R A IV D TRFIBIRICEE T S &I
KU, Mgy GEEMESRE (O =1%) 1% 88kV
M5 163kV ICH 1951 B LTz, Tz, WEEEED
MU 7z & & OF s B G E T & &85 RN R %
e U7efiit, TORFMRIE I ST 2 f5E0
HafEmT AR D C AR L7z (242 X— “All-SiC
Va2 —IILOEHEAL” 2D,

4.4 All-SiC €Y a1— VA IEBIEOSHEE L

kD 175 C CTEIEI D Si /81 AITH A, SiC 5
INA ANE 2 ~ 3EDOREEIEEE T, 200 C LA ED &
BEDTTEE Ch D, UL, NDT—FET a1 —ILERIK
I DR E LR D S - S EE I A SN &N
1, SIC OWETERE N ERIE I 2 LTSV, T
T, SIC 7/ ADMFEDMEREE IR KRRICHEIE S E DX
<. EREEI 0D 200 C Lh D@ E & vl g & 9
SEIRHEIEBAMT IC DO W TR L 2.

NS AERIRIE & A S WDy B ic & U Wk
CEHEDEVWEIN B /RS2, RS CH, It
PRESWVWBIRHE ZEIRU 7z, CDES, MiThTwy
T TRBOMET U ittt DN © C EH7x0
KO, WAl ER G LTz, Tz, mimBuos iy (<4986 5
15 EDFEGIFDTW LWk D, BHREDIN &
Mo 7z, TDHER, T,=200CEIfEZRIET © ULLS57
D 3 7 iy BB S 1 Cds B 225 C 6,663 h 7 i /2 U,
AW RE e I S ILMEERIE T 2 CEMTS
1z (247 X— =< “All-SiC €< 2 — U I BHIR D &
ML SR,
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NO—FBHEDRRERE | RBREBE

4.5 F71HE XU —X1 IGBT €Y a2—Jb MDual
XT1

KEEE3EE, MOFEEE WS EHEETRT RILF—
D53 CIEBHEWRBEEDORERLDEA, KRER
IGBT EY 21— ILD=— XKL TWD, €T C,
BN EWBEBET I ST DA - IR - S EE
DERICIB A D2, HizlcE 7R TX2 ) — A
IGBT #4## U 7z IGBT €< 1 —JU Dual XT %
U7,

XU —XIGBT Cl&, RUTJKMEOESZ#H<
IBHIET, LYY - Ty Y MEBMETEMKRE L
zo Flz, 71— IRy TREZER#E{LT D EIC
Fo T, RUDKEEHES LIEHBEICECID 255 —
> o RO BERE) O EO T ZHH U ic, i
KU, X>U—XDual XT <&, FERBEFITH L T
FAFIEER 04V, & — > THERH 7% O %Pk
IR U, Nv o —TICEU T, FRICHIELz
AIN & H W e i@t il = BH 5 & ¢, F—
F v TH o X TEIRPLER 45% Bk LTz, Fiz, /Xy
T—IWNERD A B K I T 4 DUN ITeE U
leo SHICHBEMEIEEDTLIRITEY, Th.,=175T
BE CORERE G Tinay,=150 CEELL L Ot & & FB
Uiz, TNHOEAICEY, BN\ —IH 40 LT
IFEFRW E 73D 1,200 V/800 A EAE DH T EFEB U 7=
(251 R—< “gE 7 A% TX > U —X ) IGBT €Y 2 —
JU TDual XT ” B,

4.6 FE7HE XYU—X) EXHRC-IGBT €
Ja—I)b

BE&E, B 7R TX U — X IGBT DOl
%ISEH U7z RC-IGBT &, TN AL 7S RC-
IGBT E¥ a2 — )L &EHFRICHSE LI, XU —ZXD
Fv THMEEHAUR#ELI S LT, XU —X
IGBT & X ¥ — X FWD DM AT & FEEDIATEL
EEHL, HDOFv TESEIS =2 ILF v THE
HRR LTz SBHICX U —XD/Sw o — IE &
RC-IGBT O A IC KD, ZILHTOAIR & B3 FHEE
bEEH Uz, NhickD, IGBT EV2— LD H
x5 E/NT — B E N EEBL U Tz,

X > —XRC-IGBT “#Hl W% Z & <, Dual XT
INw o — T H W TEM BRI 1,000 A D8] R & 7
5., TNITKY, HEHRD PrimePACK2 D #EIE TH
N—F D ENREE I, w/NT —HElL & /A
bEFEB U7z, # 6 # IGBT &L FWD &M Wiz
PrimePACK2 CEM B 600 ~900A) &Iikd 5 &
TYa —IUBERM T 40%, BAAKPUIE 27% KK I
% (256 R— “gg 7t TX > U — X @3 RC-
IGBT €31 —JL” £,

4.7 £ 2iINEE IPM OXR5IHE
HEERETSO Z— XIS T DD, o« > N—
YHRDODNERE—Y RS+« THIC, /A - KiE5% -
K/« XCThY, =M1 >NN—=4TUw JaEg &
RV 1A i, PR I i A N U 72 /A R TPM & 3Rk U
TSz, A, Nvr—IyTray, WHA V-4,
=R AT LBEEDE—Y RS A TEREED S 715D
AT RALICHS, &7 HCIGBT F v JHdi 2@ H U
7255 2 AR/ = IPM O EAS TR G 20 A df, 30 A D
AREMEBASE EAT S 1o

g2 AR 30A dCIE, 1 HRITR L, e ER
ICEWCTEE S A ALRXIVERLZEICUEDLD, ¥—
T OIEER 50%, Y — > A UIREER 20% K L
Iz Fiz, P I 5 IGBT & FWD DBy kiR E &
125CTHH 150 CNIERT D ET, 1 v /N— & nl#
DEGEFTAHEZE R E Uz, 600V/30 A L5 % 5@
Lie/Nw/r—J TP AVDEFIHEICH Y I D PWM
FEIHERFD U — R3GT-IE A TZ AT ERODIEEE 5 %A 384l
LicET A, 1 AHMEREKEL TR 14 T L 72,
TOME, (FALA T EBRE TR SN IIE
AR 19% kT BT EDNREE 5o 7z (261 R—
“45 2 A/ NA R IPM O RS ),

4.8 RC-IGBT #{&# UcEHASE 3 tHXEEKS
B\ —EY 1 —)LOERENEL
HEV © EV OB HHIBEICH WS « > X—5 21,
FHENBEEALL AR LR S N TWD, & LEREIE,
% 7 RO MBAREEESREM IGBT €Y 2 — )L
LR 25 R WERDHEETREICT S, HfHE 3
AR BRGSO —ET 2 — )L (HERHE 3 AT
Ta—J)L) AR L. AT —ILTIE, A RC-
IGBT Hefly IC & DMRIRIAL, BSE SNy o — I & D
TRICKDEABIEILEFIZIL TWOWD,
#7MHARC-IGBT Z8Hd 252 & T, M—0D Ml
JIEIIEHERD 70% ITHB T 2 1 X THER TS,
F7z, IGBT & FWD CHER I % IGBT £ 2 — LT
AU T, FARERE P MET-H S N ¥\ O T it R
EAHEZNZENT75%, 78% F ML, FEA VYUY
> A KR ITHIR LTz, o Y N—YEfEICH WV CEE
BHFEEY—IJBEICOWVWCIE, ZHENETNIC PN %
FREREONv I —IlEE T ETRM LTz, <
NSOREE S — > 7 TEfETRERR L 7z,
HHHE2MMAETY 2 — IV EHRFE 3 AT
Ta— )AL RECS, BHRHE 3T 2 —
IWTIFAA Y FUTEE (—di/zd) D15 RS WIS
HhHHMHOBY, Y—JEBEREIFNISL<LGoTlz, DR
&, FUNYFUBEET/NA AMED T CTHEEHLE
2T 2 — I L, A0y FUITHES 15 4%
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QBT 7R UNA—RENH MR I

~
-

SHHE—3

RRERZ | /(T —EBHEORKE RE

PE#mcEsEARLTWVWDS (266 XR— “RC-
IGBT ZA##R U /B4 3 B KRG RI/ND —€
o — LD EHEEIEL” ZHD.,

4.9 RC-IGBT Z#&# LlcE=HASE 3 HREEKS
BND—EY 21— ILDEKEEL

BERDID—TET a2 —ILE D BEkEE - mikiE LA
FEH U7, WIROFERAEE RGN D —€ET 21—
IWERIE Uz, T OEELIE, ik S N7z e BED W
REHIC R Y, fERBEIVBEWREMEEEET S, &
7z, AN——HKBDOFPILZZ DL 4 —H— I v
Ty k&, ISUIBEOGBBAVLOERH LS
ET, VRISV IHAVOICHEEREDE A
TIEEAE I DLEITTERL, MHEAN LU TWD,
IGBT O8N E UL, SFMEED A v F > U
LMEIR T S &, BEELDIONVEHKNEE DD,
FEE DGR I PE WA BR OB I 5D T, KU
W C, U—YBEOHMER< T L L LREICE
Ui & W D LD D D ST U e E KRN
D—ETa—IL I, SEDDMEEITER T DO,
B AR LD REERH Uz, &2, 11—
YDA VN BERG T S, BT
FIT K D 5 A% PR [n] #% & F459 U 723 O & = o T 'ial
BEHZL WD (270 X— < “RC-IGBT & ##& U
Te R 3 ARE ARG RND — €Y 2 —ILD k%
refb” =R,

4.10 EFA/NCMYrR2in1 IPSTF5114H]

EHEEECE, TyIY, hIYRIvIay, J
L—F5LEDBES A7 AMIFICIPS #E AL T
W%, IPS I& ECU (Electronic Control Unit) D [a] %
EBELE DR DGR, S FOVNMLICEHEBKL ¢
Tzo A, Fv T/ LU THEk &Rl U TR
IZ2F v RIGOFy T, oI EEE=m
L UZEESH/ N Y« R 2inl IPS 'F5114H | AR5
Ulzo Thick ), B A5 LD/ - BATifE LS
F O EEVEILICHIKT D,

F5114H I&, fekih & FEOBLRWIEEZFES, H
D, BfEAERGE, IREREEMRL, SRR DR
EVDEDDHREEHIRL CWD, BAMEKICDOWT
I&, BEMREB\BEOZEOREREICKY, #BHO
et st T\, IERBEEMRBICDWTIE,
TV RE) IR & IR OV B Y (ST I D IR
IZH A, TEIFRBEEAL T CORIEEIEDS AL EITE DS
FTWEDICLTWD, &Ffz, /MIMEDL 2inl £LULTH
BEEERRETETDELD, Sy —IDPU—RIAqb
ATRLTWD 275 X— “HIRH/N\1 Y+ K 2inl
IPS I'F5114H 7 &),

4.11 EFHASE 2 L SU-MOSFET 'Super J MOS
S2A Y U—X

B LEAE Ik, HIWRM DC/DC OV NN— Y DREE
2% (PFC+DC/DC O v /X—%) & Wo e\ IZE ek
AT, "EhE, N K A ADA—/N—T v v
272 a3 Ui /XD — MOSFET ['Super ] MOS | % #
b LU TWd, 4al, fEka I U THEFOmE &
VIO ML — RA DR ESREL, HDDOY—V AT
24w F IR LA EBE AW U7z, HiEH
# 2 #£48 SJ-MOSFET [Super ] MOS S2A >~ U — X |
(S2A U =) HRIE LTz, ABIFHNDIT &
BIEH N LICHS I D,

HEIRH OB HERIEIEIT Y I VIL— LIRS N,
i CHEHIND T —ADLEW EHn, S2A T —
ZTIFHFUESWEBIEAR EIFD & TEA YOI A
K57z, I, ULSWMEEBELZ LIFTHy—>HA T
214y FUIROY —IBEDRES < GEHHEWVELD,
J— M RIINEAL I L ORGSR = LD ANTe, &7z,
HF DC/DC T /X—9 CTOMINEEZEE L, BAMN
REDIBR AR L 7o, BIFEDFEAM CEEL WD &
& 121%, MOSFET IZiN D Em /M Wized,
o DFEEIRF I T DI By DD D EIG DI
A2, TT T, S2A > U — ZlF, FmHEEDR#EAL
IZk> Th—4ILU— FEMRERERL, FEREHD
Super J] MOS SIA U —X ) [Cx U TE, &% 30%
Bk U7z (279 X— 2 “HHA S 2 {48 S]-MOSFET
Super ] MOS S2A >~ U—X 7 =),

4.12 SWFEEFHDOERE— RPFC #HIfIC
TFATABON) & LLC ER LIRS @ IC
TFAG6B20N

24y FUIBRICH S DB AMEEDORyZUL R, 1K
FEbEE ), BIFMEIREEI I 721z, PFC il
M IC & LLC Bt L3R HI# IC A A S DY TEH I
BT ECERBEIY AT LADOREIHIEEII T A E—
R PFC ## IC TFAIA60N | & LLC i 3Rl 1C
MFA6B20N ZBi%E L 7.

FA1A60N IFEEAFTREDORIFH A m L DI,
R LZFy TEEECMA T, BRMICAA Y FY T
I A AR 1 DN — 2 S EfE S, Y2 TR D HI R
FEAME L CTWd, PFC OB EAEMEREUEDD 2
1w FYIERENSLKITDHTET, A9 VN1 IREE
TOERHR EALFFRERE N AFEBL LU/, FA6B20N (& —
HM D LLC B L IRME O RIRER A E L > 5
VYT T BT ET, SRMOAMERERIET S
WREEW Uz, £z, @Ay FYITEITD /) —
VIVIREE L, N—ANEMEERITD A VN IRELE &
HECWUBRZDHBAY VNN #EEEFD, o

E1TE#IER 2016 vol.89 no.4

232 (10)



IO —HBHEORRERE | BREER

GEHAGHOE CTHEHAIT D ET, #hFEm LT T
<, 74 bW TSHLEEBFEHREHR T D LN TE,
BFR AT LDOAARY D VICEHKT D (283 R—
“ERRBIFNOEARE— K PFC #l# IC TFA1A60N |
& LLC Bkt IC TFA6B20N |7 =MD,

4.13 BEIAF— AR £ 2L EIEXKSJI-

MOSFET lSuper J MOS S2FD ¥ U—X|
ekl (S1 > —2) (ThE U T Ot & HAY Hifk
THB LS NIz VIEPLED ML — R A TOBRAN
L, HDY—2H I A v F VIO LAY
FEEIHILEZS2S U —XI2H W, WY A« 4 — R
A b U 725850 Cdb 5 45 2 UK IRSE S]-MOSFET
MSuper J] MOS S2FD >~ —X | (S2FD U —X) %
b U7z,

AT - BEFESBF O REROER CL<fEHT
NTLWBBERLEIRAEDTILT Y v T — LLC | T
(&, IRIFITNEEIC - F7— LD L, MOSFET
DWNEES A A — RSB REEEIC A S G0 b 0. W
WYA A= RIZCSTA DY LFT—AFHIT D EC,
TR SR IR & AR R AN BR IS AR DAY, FIEIC b
L—RATTRLA Y -V — ARRBNERDIEMT D,

S2FD >~ U — X &, SIFD ¥ U — X & [a] % D 3
A AR & MR U D D, W B8R (- dipg/dr it
) 266% ML, HICRLA Y-V —2A/MKEN
BIAR 50% KK L 7co RRESIE, 20y FYIE
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1.2kV SiC rLF&'— ~ MOSFET

1.2-kV SiC Trench MOSFET

it £2 TSUJI, Takashi

&8 I$H IWAYA, Masanobu

XKPH ZFE ONISHI, Yasuhiko

B LERIE, CNFETSIC JL—3F+2'—k MOSFET =% L, ®RfbL WD, L —F ' —  MOSFET [ 1%
Hifbd & & JFET #HLAM L, HENYERRIE A VI TS oW, —J, ML Y F 45—k MOSFET [CIFZ D&
SEBEA L, MAMET D IFEA VEPIA IR T S ENTE D, £2C, 1.2kV SiC kL > F 45—k MOSFET % Bi%é
Uiz, BILE Y FOfE/ND MOS F + RIIVEDOR#EILEK D & EBIT, JFET #HOME & k@b Uiz, NIk UREkE
LT, A0y FUTJBRERBIDLELEDIZT, LSWVMHEEILZ 2455 < TS, AVl 8% iR dT D LN TS Tz,

Fuji Electric has developed and released SiC planar gate MOSFETs. Excessive shrinkage of the cell pitch of planar MOSFETSs leads
to a high JFET resistance, which prevents them from achieving a low on-resistance close to the theoretical limit. To the contrary, the cell
pitch of trench-gate MOSFETSs can be shrunk without the increase of the JFET resistance. We have therefore developed a 1.2-kV SiC trench
gate MOSFET. We have optimized the structures of the MOS channel and the JFET region, as well as reduced the cell pitch. Our trench-
gate MOSFETS realize low switching loss, the increase of the threshold voltage 2.4 times, and the reduction of the on-state resistance by 48%

compared with the conventional planar MOSFETs.
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All-SiIC2in1 EYa—I)b

All-SiC 2-in—-1 Module

48 EFth CHONABAYASHI, Mikiya

XA EBAl OTOMO, Yoshinori

R iEth KARASAWA, Tatsuya

Bi U AR KB B PERE T > /80 N BLIP65 3f It > N — Y & LBld 5728, SiC 7 /3« A& Wiz AI-SIC 2inl €Y a —
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Fuji Electric has developed an All-SiC 2-in-1 module utilizing a SiC device that has been adopted in the development of a high-perform-
ance compact IP65-rated inverter characterized by its dustproof and waterproof features. In order to make use of the much lower switching
loss of SiC devices compared with Si devices, it is necessary to create a highly reliable packaging technology that ensures high-temperature
operation while also reducing wiring inductance inside the module. Fuji Electric has developed a package with a new structure to meet these
requirements. As a result, the IP65-rated inverter reduces loss in the main circuit by 44% when compared with conventional inverters that

use Si devices.
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Enhanced Breakdown Voltage for All-SiC Module
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In recent years, SiC devices have been widespread mainly in fields that require a breakdown voltage of approximately 1kV. They are

expected to be used in the high voltage fields that require a breakdown voltage from 3 to 10kV such as railways, as well as the automotive
field that require high reliability such as hybrid vehicles and electric vehicles. Fuji Electric has developed a newly structured package featur-
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ing copper pin connections and resin molding to achieve SiC modules with high breakdown voltage. Based on the results of electric field
simulations and thermal analysis, the electric field strength relaxation and high heat radiation are achieved by the optimization of the position-

ing and thickness of electrodes on the insulation substrate.
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Enhanced Thermal Resistance of Molding Resin Used for All-SiC Modules
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it $88] ICHIMURA, Yuii

175 C CEMET 20D Si 77 /34 AT T SiC /81 A4 200 C L EDOEimEiEA e Cd U, SiC T /81 ADE KD
lepicid, N —F A A=k d 28 ILBIRIC, SHLSEMAMENERSINTWS, SIC T /810 AHFEDVEREAE R AR
[CHIFSTED AI-SIC EY a2 —IILICHEWT, WEFGEEFI L, WDy FrIEEEm a8l EICk> TH
1A R D @i BAE L A TV, 200 C UL EOEBEIEL i Ch D T &AM LTz,

SiC devices are capable of operating at high temperatures of 200 C or higher, while conventional Si devices at 175 C, and the molding

resin that molds the power devices requires an even higher thermal resistance to spread in the market. Our All-SiC module maximizes the

performance of SiC devices, and we have confirmed that the module can operate continuously at temperatures of 200 C or higher through the

use of a high thermal-resistant molding resin that is characterized by a longer thermal-resistant service life and improved tracking resistance.
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7th—Generation “X Series” IGBT Module “Dual XT”

HFH ff#Z2— YOSHIDA, Kenichi
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HiE #— YOSHIWATARI, Shinichi JIME  th KAWABATA, Junya

IR T B/ANME, AL, B EEMELOZERICIS X 5728, 47 #H4L [X = U — X IGBT €Y 2 — LD
FHNCH W CEMBRZHA L Z TDual XT) (X ¥U—X Dual XT) % L7z, X U — X Dual XT I&, PEAT v
TORHED T &> THIHEAMER S B & EBIT, /Sy b — IHEEDOBEIC &> T/ & — JIBRREI AL U T,
Fle, AT /XT—Y A VRO EEMRRT S U O— > S U OREBPED R IS & U, B ERE 4 RIE T,,=175 C &
FEH U, O/ =TI XTHERYED 1200 V/800 A DR T S,

Power conversion equipment has been increasingly required to exhibit compactness, low loss and high reliability, and it is against this
backdrop that Fuji Electric developed the 7th-generation “X Series” IGBT module “Dual XT” (X Series Dual XT) as a module that expands
rated current. The X Series Dual XT has reduced power loss through semiconductor chip characteristic enhancement, while also improving

the package current-carrying capability through package structure enhancement. In addition, by improving the AT; power cycle capability

and the heat resistance of the insulation-use silicone gel, the module achieves a junction temperature of T},=175C under continuous opera-
tion. It is also the industry's first module in this package size that has a 1,200-V/800-A rating.
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In recent years, IGBT modules have been increasingly required to be smaller in size while exhibiting lower loss and higher reliability.
To meet the requirements, Fuji Electric has developed an industrial-use reverse conducting IGBT (RC-IGBT) module by using an RC-IGBT
that integrates an IGBT and a free wheeling diode (FWD) on a single chip. Furthermore, the module greatly reduces loss and thermal resist-

ance and enhances reliability through optimization based on our 7th-generation “X Series” technology. These technology innovations have
achieved enhancements such as expansion of rated current, increased power density and miniaturization, all of which were impossible through
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Fuji Electric has recently added products with current ratings of 20 and 30 A to our 2nd-generation small IPM series to meet the needs

of motor drive devices. Applying the 7th-generation IGBT chip technology as a base and optimizing the lifetime control and drift layer thick-
ness of the FWD, we have significantly reduces the temperature rise while lowering noise and loss. We ran a temperature rise simulation of
a package air conditioner that has a standard cooling capacity of 14 kW at the maximum load, which are expected to be actual conditions. It
showed 11 C lower temperatures than the 1st-generation small IPM. It can therefore expand the allowable output current of the devices.
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WETa—ILAERMSE LIz, IGBT & FWD 20> F v J{b L7z RC-IGBT O#HIC kY, ¥—> A >, =2 A THDAA v
FYOHEOMIMEFER Uiz, £z, L1250 > A0k, RC-IGBT EWNERL « 7 b O bic kD HEk/ Sy o —
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Fuji Electric has employed a thin reverse-conducting IGBT (RC-IGBT) in the development of a 3rd-generation direct liquid cooling mod-
ule for automotive applications that is characterized by its high-speed packaging structure. By utilizing an RC-IGBT that integrates an IGBT
and FWD on a single chip, the module achieves faster switching at turn-on and turn-off. In addition, parasitic inductance has been decreased
by 50% compared with conventional packages through use of the RC-IGBT and internal layout optimization. Furthermore, superimposed
surge voltage has been reduced by adopting a packaging structure that equips all 3 phases with a PN terminal pair. These technologies have
enabled the 3rd-generation module to reduce switching loss by 30% compared with 2nd-generation modules.
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Functionality Enhancement of 3rd—Generation Direct Liquid Cooling Power Module for Automotive
Applications Equipped with RC-1GBT
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Fuji Electric has developed a 3rd-generation direct liquid cooling power module for automotive applications such as hybrid and electric
vehicles. Power modules for automotive applications are required to be compact and exhibit low power loss. We have improved heat dis-
sipation performance of the module by using an aluminum water jacket that combines the liquid cooling fins with cover as well as refrigerant
inlet and outlet ports with a flange structure. In addition, employing a reverse conducting IGBT (RC-IGBT) that integrates an insulated gate

bipolar transistor (IGBT) with free wheeling diode (FWD) enables the power module with the same active area to reduce power loss by 20%.
As a result, the power module has achieved a lower loss and a smaller size.
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High-Side 2-in-1 IPS “F5114H” for Automobiles

HZ2 HZTE MORISAWA, Yuka By &5 TOBISAKA, Hiroshi ZH &35L YASUDA, Yoshihiro
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In recent years, electronic control has been advancing in automotive electrical systems based on the keywords of safety, environment,
and energy savings. In addition to these keywords, semiconductor products are also required to be compact and highly reliable. Fuji Electric
has developed the high-side 2-in-1 intelligent power switch (IPS) “F5114H” for automotive applications to achieve even greater device mini-
aturization. Fuji Electric has equipped the SSOP-12 package, which has the same external dimensions as the SOP-8 package, with 2 chips that
have the same functionality as previous products, allowing for two channels on the same mounting area as the previous one channel products.

It also utilizes a highly reliable wire that can be used in high temperature environments. These enhancements have made it possible to
greatly reduce ECU size.
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2nd-Generation SU-MOSFET for Automotive Applications “Super J MOS S2A Series”
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There has been increasing demand for smaller power conversion equipment and better fuel efficiency in eco-friendly vehicles such as
hybrid electric vehicles. Accordingly, power MOSFET products are being required to be compact, low loss and low noise. Fuji Electric has
developed and launched the “Super J] MOS S1A Series,” a product for automotive applications that adopt a superjunction structure character-
ized by their low on-state resistance and low switching loss. More recently, Fuji Electric has developed the 2nd-Generation SJ-MOSFET for

automotive applications “Super ] MOS S2A Series,” which reduces conduction loss while improving the trade-off between switching loss and
jumping voltage during turn-off switching. The use of this product contributes to size reduction and enhanced efficiency of the power conver-

sion equipment for automotive applications.
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Critical Mode PFC Control IC “FA1A60N” and LLC Current Resonant Control IC “FA6B20N” for
High-Efficiency Power Supplies
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For the relatively large capacity switching power supplies for electronic equipment, a power factor correction (PFC) circuit is required
to suppress harmonic current, and a LLC current resonant circuit is also widely used due to the effectiveness in low noise applications. Fuji
Electric has developed the critical mode PFC control IC “FA1A60N” and LLC current resonant control IC “FA6B20N” adding new functional-
ity while using our conventional technology. Using these ICs in combination allows power supply systems to improve the efficiency during

light loads, achieve low standby power, and reduce the system cost by reducing the number of power supply components. Furthermore, as
an enhancement over previous products, these ICs can be used in power supply adapters.
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2nd-Generation Low Loss SJ-MOSFET with Built-In Fast Diode “Super J MOS S2FD Series”
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In order to make efficient use of energy, there has been increasing demand for enhanced efficiency in power conversion equipment, and
as such, the power MOSFET mounted on this equipment are required to be compact, low loss and low noise. Fuji Electric has been develop-
ing and manufacturing products that have reduced on-state resistance and improved trade-off between turn-off switching loss and surge volt-

age. We have recently developed the 2nd-generation low loss SJ-MOSFET “Super J] MOS S2FD Series,” which features user-friendliness and
low loss, by improving its reverse recovery withstand capability through a built-in fast diode. The use of this product is expected to improve

the efficiency of power conversion equipment and facilitate product miniaturization.
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L U7Tz# W Ch D,

S2FD U — X%k, T U w ¥ — LLC HEEICIERK L
AT - T2l E- i S, SIFD > U — X kD B EahRondz
HAWEE Ch ), A1 v TF > TRFEOFENRLD/NEEA
DEBDIIF ST D,

St2IE, THZ— XD BEDIERITIRADEHIT, i
JERFND /IS o — I RFN DR EEDHD ELEBIC, Fyv T

@R
TO-247 TO-220 TO-220F
Nwo— Nwo—2 Nyo—o
HDS (on) (
Vos (V) max. (mQ) lo (A) . i
27 95.5 FMWB0ONO27S2FD - -
43 66.2 FMWB0ONO043S2FD - -
59 49.9 FMWB0ONO59S2FD — -
75 394 FMWB0ONO75S2FD - FMVB0ONO75S2FD
600 84 37.1 FMWB0N084S2FD FMPB0ON0O84S2FD FMVB0ONO084S2FD
94 32.8 FMWB0ON094S2FD FMPB0ON094S2FD FMVB0ONO094S2FD
105 29.2 FMWGB0N 105S2FD FMPB0ON 105S2FD FMVB0ON 105S2FD
133 22.7 FMWGBO0N 133S2FD FMPB0ON 133S2FD FMVB0N133S2FD
170 17.9 FMWGB0N170S2FD FMPB0ON170S2FD FMVB0ON170S2FD
B ZXD/PRED I PTG 7 & D HERE M) L IZHL D AL
Vir=AC115V, Vo, =DC53.5V, Rs=5.1 Q - = -
(GmOOV/75mO %Jax.u‘:'u) ¢ ATV CD S,
96.0 _
S2FD U —X
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950} SEX
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'PVIB00BJ-3/555]

Outdoor 555-kVA Power Conditioning Sub-System “PVI600BJ-3/555"

AE RYS* FUJKURA, Masanobu

2012 42 7 HIckafT S Nl THAEW BB T %L+ — D[ E
i ¥ BB EE ) (FIT) Ik > T, EPROKEEIHEZ.
fiif DA NBILICIER L TS T, BMADE —VIE#HET D
DHhDHDD, 2015 FERDOEREICH T DREFHEEAD
FIT #ZE#MARIC U T, &S - FFERFO 58 Cld
RAETRMFBOVWKRES L, Ftk, 2020 SEICHIT TS HIC
BANELEEZEZABND,

wLEEL, MEOEREND —FEA TS T
FD/NT—2O>F 1+ a3 ) (PCS: Power Conditioning
Sub-system) A Mt U T &7z, 4512, 1,000kVA PCS
FPVI1000-3/1000 5 % % U &, JEAEH D PCS I1F, H AR
ELULTHRETCHDEREEECAREL LI LD,
RERED D AT LD REGRN E U TR &R C
Wd,

4, FERDEMNI PCS U — ZXDIEFEE L T, EH
#I 555 kVA /XD — > 5 ¢ 23 F TPVI6O0B]-3/555 %
L, JEE L (B 1),

O] %% &

PVI600B]-3/555 D EHAFEIFIRD EH D TH %o
GE>
(2)  WRhEE 2 981% CREARERED, 97.8% (EURO 2=

1 TPVIBOOBJ-3/555]

31> EURO %3 : WIN D&M/ NS — VICHE U ledtH i st 10363
WCRHE U724l ¢, BB DLHARICEWVNE SN D,

* W LEMHRKSHIEE - R Y O SHEERRH IR TSV M
SRR - I FEEHAM R

BPMAESEEICAEE UTzTz8, BHEIEET DM
F32% DIHELIH<S ENTE, REAk#EOD 25
LRNEEDRETH D,

(b)  F35 90% 3iiE T D 500 kW Hi

F18890% i T 500 kW A EE Ch D (EEE
555 kVA), &dS, JJE 80% UL E TN HE CTd D,
(c) /TR

B F 1,800kg T U, EHH 1,000kVA D 7500 kg
EHIEL CBRECh D, HIC, IHED T4t b Ty
I TR L TSRO ELITAN\E S W TET D,
(d) AR D O il 48 B I D AL DA ZE

RO RIS T » > BIFIE, ZEE N CTREZL
JEdr &S A — RERHFEM S THERL TWd, O
T EDBHED DS DRI DA E CTh D,

() BEaATIay

RIFEG) TR R DHERDRENE PCS DA T a Vi
A—YDBEFEHTE Y, ARG THZTOFFHK
LTWd, &Iz, H#EHEREEENmL TWD,

2] & #

(1) P& [l

B2 ICHBEHNERT, ARGmIE, RO PCS &
FREIC, & LEBEME O/ND —PEK b D RB-IGBT
(Reverse-Blocking Insulated Gate Bipolar Transistor)
ERALUEEZHEDOC Y N—4% (PWD) THERL CWd,
FE A 1FE 555 kVA T Do i bl i D A J7 8 8 PH 13
600V, FEAEDE LIS IE 4 550 CTdh Do /NRIVHIERE
HiR DB A ITRIE U 7e b ig B 2 2 AR TN L TW D,

. | PCS 3p3W
APZEH 1 | PWU1 210V+10%

Sl

KFZEt 2 N

SPD1

2 TPVIBOOBJ-3/555 1 DERIEHRE
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A IE =M 3210V CTh D,
(2) ZeiEfpk
R ICEHFEEMAKRERT,

=1 TPVIBOOBJ-3/555] DEELR

® B %
JU—X PVIBO0OBJ-3/555
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s hSYRLRFR
B AHBEGE 600V
. —
Pt v 820~ 550V
ERASEL * 4
ERENEE 555 kVA (p=0.9 BFl& 500 kW)
ERENDEE 210V £10%
EASEIREEL 50/60Hz =5%
HTTAEE SRR
EHHHET 1.526A
(AGHIFD) ﬁgfﬁo@$$ <5% (EHEHIIE)
ggfﬁv?ag <B% (EHEHFE)
EEREDE 98.1%
—
(Um0 2550 97.8%
EEEHE 100% sE8E
m = 75dB AT
— OV. UV, OF. UF
oy R AR
TR | QoS | 2o e A st « — ) o o3t
BELS - FOBRAE - BHE L
g (h%8EIE—0.8 ~+0.8)
FRT JET GROO03-1-6.0 (2016) [(C#EHL
BEsR - EoETm
BE IP IP55
S p——— T @
AR Iz
~ & W2,000 X D950 X H1,960 (mm)
85 8 1,800kg
R ~20~+50C
AR 5~ 90% (EEEL)
Z2 5 1,000m IUF
FERNFRAE JIS, JEM, JEC
mEs RS-485

* 1 ea—X 16 DKIFA T3y
* 2 iR, BRMEREA T ay
* 3 —25 CXIL — 20 CHBOESMERIEA T3>

ARG CIE, HAHGEER BT IEREEE IS A 5w T A SR B
BT+ — RNy OFREEETERHALTWVWD, CNITk
U, 7V DEELDFEAELUEW, £z, PCSHODIH
WME 5 =i d 2 UEHL LW,

FERAD I, MO & > B O U 7z iRE HVR%
EEEBADE, HHAZBITIE TSI Wz, AREG
Tlk, FPAEELMEL THTEBADE, DD DOHIC
M TS U DR REE R UAATE,

(3) BELATa>

AREHTIE, EROBIWFPCS DA T a vhaZFDE
FHKRT DL LB, WHIHIEREEEINU 2,

(a) b a— X4

v C R B B I 40 I (3 4 43I Cds D HY, 16 I D

Ea—XEBRETECHD.

(b) T HEAL:AR

& R B b DT HEAL AR D HE Cdr D6
(c) JEGHALRR

b R A3 g -0 1L B Mgk 1 D —20 C 3t —-25 C
KB HE CTh D,
(d) WA NY > JEFBRB
Ea—XGD8E, €0 NY Y TR A B H

UCHRICESERZRT DIy haNET DT &N

WHECh D, CNITEY, FERFFEBFICETE L TV

T AN Y TERBILER DA EICE D,

(e) bt

FEae i CIE /N RIV D IR MR O B & D Mg M i 4 &

P L CTWDHY, —HEH R OBy A 12O ] BE 7o b

WEMEL WS,

(f) Jufz®ib

RS-485 %5 E I B W T BB H DA S« 7 O

= DD TEETH D,

(g) WM RE

H P AR AE & 17 U 7z PCS 1%, BHEMOH— N

IZHhBHUHRT Y a— Uy TS Nciiflis4 o>

T, HHNTEHREDERR- IS PCS )& BB IS

il CTE D, 2015 4B IC TN B RN SHENICS W T

FEFEMGEDFE i SN, ZRMARRE WAL I DS C & DR

chiz,

FETTHTHA
2016 4 3 J

BEVEDEE
HEEBRR SR - A& > T S HRA
BT TS NPEEAB - ) S EHA 5
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MMICREX-SX &
'SPH3000D

—X] OEE—YaviykO—=

“MICREX-SX Series” Motion Controller “SPH3000D”

BE IEAB™ FUKUSHIMA, Koji Tl ZEZE* SHIMOKAWA, Takayuki

FO— 2k, EEHORY &IEU O
EHEOE—>a vHl#Eii > T

tT—a>ay
&I D S AR -
BB TR -
LR D5 S K SRR LD ER DS Y, E—2 3

dyhO—=>I2ld, FUELOREEH T, D, LU
1 7 AR C R TR & 4T 2 SRR DR H SN T WL
%, Fle, E—2a vkl TOT S LADOBHEAL & KIS
IEHHEDL T T, fEREVEB T VI ZF Y U ITHROEH WV
FFEBRBEDRO SN TWD,

ELEEIE, CNSOHRERIOEAT, a1 > b
00— MICREX-SX ¥ U—X | O# CPU Y1 — L&
LT, E=—>avHllTOT S LERRKICTHRT2/H0
WREECHEITTCETDE—Ta > hO—S TSPH3000D |
wRSE Uz, Flz, MICREX-SX 7O 5= > J3mY —
JU 'SX-Programmer Expert] ICHWT, IT—HFDIT >
VZFPYUVIgREEM ETSE—Ta Vil IO TS A
HEfEbkiEE E—> 3 > FB 7 R+ VkREA RIS LTz,

1] FSPH3000D,
SPH3000D IC LD E— 3 v AT LDOHEF R (1T

JRd . SPH3000D Id, ISR IFFBICK D, wHEHD D
WELE—> 3 VHIEHZERB (S5,

HMI

Ethernet™

SPH3000D

> o 5 9

*Ethernet : B0 v I AR OEIRE oS ELREIR

1 TSPH3000D] [CKDE—TY 3 VI RT LDERHI

*

B EERRA A ND T U IREEARI It T > v —

ﬁET@,ﬁﬁHﬁWPMIN®ﬁm,

1,200

1,000

soo|
iR
600 *9)

400

EREER (us)

200
SPH3000D

Ol )

1 5 10 15 20 25 30 32
A

2 LEEEEE— 3 VIR

1.1 E—YavilEEBOERE

HHTOTS A, —EDOEEEF LD TP U3
>JOv o (FB) AHflAGEDODED I LIk THEERTE
%, FBICIF, U HLIRY —IVICHAAALTHDY
A7 LTy yoTavyiOvy (ZAFAFB) &, 11—
HHME CERT 21— TOr > orayiovy (A—
Y FB) B D,
T—vavilor>voraryijovy (E—vay
FB) &, E—>a vHllEEITI 2 TOT S LD EL
28D Thd, E—Ya>YFBIld, TNETI—YFB &
UTEEITDULENDS A, 4nl, WO #Ebo sz
KICIBA T AT A FB CRESERERE S U TR L T2, €—

YFBEY AT AFBELU THIHI D ET, ek

& TSPH3000 &AW CHSOWUIEELT > Ieif LIk L,
E—a VillHOFETREMEESICCED (B2), FH—
HEFE ] ChNIE, BB OEIC D, B AL, 5
JE3 2 ms WD LR [F ] FB O fl il £, HEkEfin 17
Hili Td > fzdDIzxk L, SPH3000D & 32 #ili (SX /X A ICH&
WA KD CTh D,

1.2 E—vaviliEAnsiaREEERTSOET
T—>a > FB Q0 FIE) [ChZ, 64bit R a4
(93 FidE) CMZMay4s QM) ALz, ThHoO
WEEMHT 2D ET, BRI LB 2 W 7y A
DHAETTH D ENTE, 70T T LDMEKR TEDHI
B KD A > FF > 2D EAREIRT D,

1.3 EEXTEUSEEHOILK
A—HYFBEI AT A FBZE#EICHEHK I DD
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"TMICREX-SX ¥ U—X,; OE—¥ 33 kO—3 TSPH3000D,

EHMATYUICK2Z2DD Ty > oa>y Oy oA V2R
YU AATEY (FBAYAYYAATY) CThbd, <D
A EY OFEE, HEREFHED 32K J— RHOHVD 7O
224K D — RITIER LTz,

& BIT, LY —IVIE, PEREREDY G & FRRO AL
MAlCE), FBA VALY Y 2AAED AR UTZEHED AT
DAL THEHUMNTD, ChickY, -8 FB &Y
2FLAFBOFEHBS LT —YFEDOZ WM TO Y

FATIE, PEREMEILEL T 2RO beER TS 5.

PERBEFECIEL, E—>3a Y FBZEI1—Y FB &L C&&
L, L TWE, COE—>3 > FBI&, ZHEY—IL
Zk> T, #fHTOJSLADFEITLYIY Y ChDd IOty
YOMRRIT e OIS AT — RICERT D, E— 3
> FB OB E#ALICIE, OS5 LAT— RDERD
/MEDRI RN Ch D, €2 C, KITRTHFETI AT
INFB & U THIARAATS,

(a) SPH3000D ® 7Ot wvHYicHbhE, JO0JS5L0—

ROFRAER/METES DOV SEMNT B,

b)) E—¥avFBIF7Os>5La>yhO— 544
(PLC 5%) OMAEICLDBLDTHY, AN =
YRR HE7x C Sl IR B,

Bek R CHE> Tz — Y FB OF ML, 21— FB A
PLC i DHAEE CTh D720, M OEIEICAhE /21—
Y FBOF LY IDTEY —ILICKUFRICHIS TS, #
WMEBESEHELAS AP FBAFTNNv I CEd &
Hd, ULHhU, AT LFBELU THARATLED &,
SRR IV TOEEN TS 5L 5D,

ZhicxL T, ELEEMNAI—YPFBEL CTHIZULE
T3 Y FBI&, BRICA<fEHIN THEEEDNES,

W EDEERICATIING A=Y DERDA CTHIH T,

D, TNV THETCHDI=DH =T /Ny THBRETDH
5., CDOE—3a v FB%&, g, BI{EICOWTREaEn
W25 AFB ELRE (E3),

HERKETE
I—YFB (PLC &) DfE&tE
Pt
I/F
BETY

SPH3000D

AT LFB

—

EHD FB =HRa L
AT LFB{ET D

3 E—Y3vFBOE&EL

B8] E—TarvHlilT7OI S LORFERE

T—2a Vil TO0 5 AOVERE)R &« K IC e 9
DRDBERREMFEL , SRy —IVICHER U Tz,

3.1 E—yavilETOI S LEEMEREEE
E—vaviHl OIS LD EHEDE—a Y FBA
TIRY VNI G S U CHRL, BRI O U
TIVITCET DB EEMUIZ, 1I—YI&E, RICRTF
JECHHICE—> a VI IO S LAEER T2 @A),
(a) AT LR EZBIHD DS E— 3 ¥ HEA
Za—%"FERITDH (@4D),
(b) WHITZDZE—>a > FBaEERTID (B4@),
(c) E—>3 Y FBDZKENTA—YVEHEITDELEP),
Flz, E=2a Y FBOAMININTA=FICHKRT D
EROxEF (HH, >—2BX, JAY L) DEHB)
BICER CE D78, I—FDIT VI =P v IRR%E
Kigicm LT, fERI AL TE 5,

3.2 E—YavFB7 RA¥kEE

t— 2 3 VB ONEIEBHAL - 2L THY, 31—
HIFHEHDE—>3 Y FB&E/EKL, 11— FB LU TH
L TWD, INlE, A—PDVY IO PEECDHD,

ZOA—YMHDE—>a>YFBA>YAFALFB&EUL T
HHTETH T R UBERREBIMUIZ, 1—YIF, B&EL
leE—>3 Y FB%&, HilEdaH LU THRIN TWLWDil
DE—2a VHIBAOY A5 A FB ERERICHED C&EH
TS, A0S T v JICEVWTHHTE 5,

DR T LEREREE

|ee—vs~FBO® ?RL

| @E—vY 3 FB OIS X—5OHE

——

OFE—YaUXZEAZa—
[OF.ZN

== £ 3 VBT 055 LOBBIFR
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72- to 145-kV Compact Gas-Insulated Switchgear “SDH714”

INJT 3BZ* OANA, Hideyuki

1960 K LI, ZEATD R EHHS CTd S B 2%
BELUT, REAXR—2ADM/NPEFEDN Lix &l
MWD, SBRAELWHRWNICHE RS & SF, 77 A THlifs L 72
T /NT B ICHUN U 72 05 A M #5 B P 2% 18 (GIS @ Gas-
Insulated Switchgear) A% & U T& 7z,

B REREIE, 1970 412 72kV GIS Dl T aaM AL,
72kV 05 300kV ETDOGISEZ > Fv JE L THRY
TAA, ZEMAL TETTWD, 72-145kV GIS DHER
I, BZERE I54ELL EAER L CTh Y, oD/ - i
HALDOAY T F U AT —Ablx EDERITIE R D Tz O
/N 72-145kV GIS TSDH714 B3 L, el iz,

Ol 4% &

& 11 SDH714 D Wik A — %A, B2 ICHERMED
WET DK A, &1 ISRt Z R 9, SDH714 (&,
EBRHM Cdd D IEC 62271 2 ) — X ICH#EWM L <H Y, K
AdmNERE B (05% ) FUBELW0L% Fa
WilzLUTWd, Fle, AT7¥avicky, R ERE
Ot YSONE, CT #HaaM dAXmICT 5 &,
HFUERZOMMIC CT ZlLE I 2 2 LITHIEL TWD,
(1) /AL - gERAE

SDH714 1%, #ERME B L T 1 HHEE YL 7z U DRy
7EWE~FEE %A 1,200 mm S 900 mm (SHE/N U, B4 S A&
70% 12, HiE% 65% IR LTz, &DIC, R4V
FTCHE TE D KD ICHERFOBE S ZHA, %K 2,650 mm
E U7z,

(2) PIVZ = LEEHEROEMER

BEdSH T, A RICOAPILI Z D LEGEAERM
L CW7z, SDH714 I&, GIS &#FIcxt U CATHMWICERHE I
SdElCK, HEERBE I DL LEDIT, HHRITAEUD
IEMIEA S U LB L 7z,

(3) WHENE XD

BE S i OD U BT 2 OD AR (S 1k, SME BT 48 9 A% 315 kA €
FEHF R HXN%E, 40kA TIFMEFXERML TW
Jzo SDH714 &, % EIDIBEN TR T D LIk,
A0kA THEEHFRAFXATHRTTDLEOICL, RFHE
[ S cay /it
(4) Z=ALETEBH S E ORI

*

LA RS A ¥ SIRAIELS 27 LB

-
ZE PR

CB &{F38

—E | | ]
CcB 1 MRS CT L ERER
DS : KfE&ER VT EtERAZEERR
ES  : #ithBaEAss CHd : &—7JIUimk

HSES : miRizithbHAzs BUS : &R

1 TSDH7141 OUREA X—

1,200
900
I

\

e
HESRER \ =t

SDH714 ~
5 =

QI -

ol

IOH

3.785

2,995
2,700
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2 HADLEE

SEWTBED A > 5 > 2D Tz DL H BB 85 & Wi 28 &
— DO MEEMBAEEICE SO, MMEERKDSE LD
Iz, B >0y oicks CRaeEtamnatiz,
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AvrFrvATU—feeFEhL, BRARBRICS D 8
HEBAPHAERIE, fER 2 T ThoTcbdz 1 JFIcHd L,
175 mliise B B E 9 T © 0 5 A M2 SRS U Tz,

2] BREFDEIb

2.1 BEIEY\vy T 7ARDER

LU (&, EEWT 2 DIEBRIC (&, KMk T U 7= SFy 7
2 HE MBI DBIE Y — 7 ICRS A THIRS TS H—
Ny T 7 FHROBHWBNTWIZ, IO Tk
I3, BAEROBIEIMNE Hig L ey goy 7 » X
Thd,

B3 (CiEAE /Ny T 7 FARWIREOHEE R, D
R TIE, BNy O B EWEHITEHINY U Haikl),
TOMICHILFEZIT WD, KBERY—TICk> TH
ZHED LR U, 8%y T 7 BNOHAED, Bk/ Xy 7>
HEOHAELDRKRTWESTITIE, By T 7 EH DM
Ny D7 ENDHADMRER < LTk, BIELRIC
mHTBEAE N T TV, D, HERkOBE—/\y T »
FTREIVEENERB TS D, KERIFTICH /Y T >
EHOD DI AR T IC & > THHMRZEITL, NEGEIEFIC
Febi /S O 7 BHD DI AN FIZ K> THIMEITL,
B AERT I 5,

COFXE#AT D LT, HRE S ZILDOIBIRS KO
WL FDOIEIR EBERREMOIENEE THY, E1LE

BNV I 7= fish 9|

E B fBUE GIS ek mes RAvor=] Bk /AL BE
7 SDH714 SDH314 SDHa314 [ D) . C ]
EFSEBE 72~145 kV 72~145kV f 'N'* =t i =9
AR @ etoE [, [ :§§é§%:
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