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The Current Status and Future Outlook for Power Semiconductors

FR B Toru Housen LA

B$ Masaru Yamazoe

[£5] EEF0 Yasukazu Seki
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With the increased focus on efforts to protect the global environment, power semiconductors, which are the main power electronics prod-
ucts, are becoming increasingly important. Using 6th-generation IGBT V-Series technology, Fuji Electric has developed and commercialized
high voltage, large capacity power modules that are capable of operating at high temperatures. As post-silicon technology for the next gen-
eration, we are pursuing the development of devices that utilize wide band gap semiconductor material and the development of superjunction
MOSFETSs. Additionally, MOSFETSs designed for applications in outer space and used in the Japanese experimental module known as “Kibo”

attain high reliability and low loss, while ICs designed for use in power supply control achieve low noise and energy savings. Exhaust system

pressure sensors for use in automobiles and control ICs for use in hybrid vehicles have been newly commercialized.
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2nd Generation Plated Chip for Hybrid Vehicles

B & Takeshi Fujii S| $AER Tetsutaro Imagawa sEZ®  Z2XEE Takayasu Horasawa
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T IGBT Fv JIZI&k, KM b L > F i &R EIUAEDRELD X OH FSEEHRMA Uiz, @2 itdoS 1A —R
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Systems for popular hybrid vehicles are increasingly required to provide higher system output while havng a smaller size. In response,
IGBT and diode chips are requested to support higher current densities and double-sided cooling structures. Fuji Electric has developed a
chip which is constructed such that a Ni-plating electrode is formed on its surface electrodes. 2nd-generation IGBT chips feature an optimized
surface trench cell structure, and employ a new field stop structure. Diode chips incorporate an optimized anode layer structure and utilize FZ
wafers to improve forward characteristics and improve chip reliability. These improvements make it possible to reduce IGBT and diode chip

sizes, increase system output, and facilitate miniaturization.
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The Fi009 has been developed as a dedicated IC for driving IGBTs used in the power conversion systems of gasoline hybrid vehicles.

This IC integrates a 15V drive for IGBTs and protective functions (for overheat, overcurrent, supply voltage drop and soft shutdown) into a

single chip using fine process rules to achieve greater versatility than conventional chips. This IC contributes to the stable operation and pre-

vention of burnout of IGBTs at the time of abnormality, and to systems miniaturization. The package is a lead-free compliant SSOP-20, It en-

sures high reliability which is withstanding temperatures of up to 175°C.
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O IPLHRICET U, MBI — BIEIFE % LB B4R
29 % &Ik DR ITBIEREOMERBE I AT LS 7z,
Fi009 OV 7 ~ERIREOBIERIEER 8 IR T

4] I\ r—I 2 THil

4.1 [FiO09] DIy r—I VTl

Fi009 IFBEAE & Fi007 E[F— D /N A — < > i %2 i
WTB% Lz, 9bs, U—RIJL—ALEF vy THNT
R T DY AP Y Y FHICIFR (Ag) R—AN%AHRH
U, Ag R— A bDES EMALRFORE{LE TN L Tz, &
Tz, Fv JEU—RIL—LBHEHRTDIHEE LT, N
SIY L (P AEAHUIZE (Aw) MATISHIRAL,
Fi007 & [ — D 55N GREEY 1 )V & & &k O B i
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iy i) EfERL TWD,

(6] HEHE

AR ClEk, N T Uw R IGBT BRE) IC TFi009 I
DWCHIA LTz, & L& CIE, FI009 DAtIcHL < DH
By HH AR A > TWD, %Y, o — X%
ROREICHEIR U 7o' D 2 A5 AICHEE 9 S S e T R e =52
fitL, ABEEEZEDOFEICHIKL COWSFTFECH D,

SEHR

(1) PWRBEFED. N+ T Uw REJFIGBTHREIC Fi007). &1
FF#. 2007, vol.80, no.6, p.406—-409.

(2) FHEBEIFEH. IPMA/NE R S« /8IC. &I 2008, vol.8l,
1n0.6, p.395-398.
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P

SH
AR T NA A, FRICT 0 A0 Y — b ORI
pAFSIChES . HifE, & hLEEY A7 A A&t
PR ZE ARG B AT S w o — TSR

#Bo

%Il

370 (14)



SR Vol.82 No.6 2009

3.3kV IGBT €Y a—Ib

3.3 kV IGBT Modules

™mES SCES Takeharu Koga EHE EE Yasuhiko Arita

I\FA 22 Takatoshi Kobayashi

FEEH A YN—=FDHEM A VNN EDHY—— X I A D7es, 33kVINTE, 1.2kA EitE O K% IGBT €

Ja—ILERBLTS . &

, N —JICIGBT NANND—TT a1 —ILDOENEBEHUZTY 12— LA LUz, &

BATIZHA, A > 5085 > 2% 33% KL, MHBIRMOBERE LB RIFCHD, COET2—ILT, ND—HA
DIVARBREEM L, o ammER D L'l Ulc, Fie, a5+ >y JEULT, 33kV-15kA H KU 33kV-08kA

IGBT ©¥ a1 —J)LZaBREH Th D,

Fuji Electric has developed a 3.3kV-12kA IGBT module in response to market needs for inverters suitable for industrial and vehicle

applications. The package of the newly developed module incorporates IGBT high-power module technology. Compared to previous modules,

internal inductance has been reduced by 33% and the current flow to chips on each isolation substrates shows good uniformity. Power cycle
tests were implemented with this module, and sufficient durability was verified. 3.3kV-1.5kA and 3.3kV-0.8kA IGBT modules are also being

developed to expand the product lineup.

TADE

IGBT (Insulated Gate Bipolar Transistor) £ 1 —JU
(&, TR, BN ORS S, SIS IA
<ERXRLUTWD, BINE - REESFICEW D, &
TIL<#BEHIN TS/ GTO (Gate Turn-Off) YU 2%
M5 IGBT EYVa —IINESTHRA SN TS THY, RERE
AYN=FOELEA VNN —FEBFLIE<IBHIN TV
5o FRICHEAED BRI LB D728, FrT xIL+F— (il
71 - K3 E) oW hasiciprcdy, D55y
THEHIND A VNN — S EEORE RO A, KE =
IGBT €Y a2 — )LD =Z— XIFKWITIHRK LU TWD,

BLEETIE, CNITREESGHANOBEHZEM- /=
IGBT N /ND—ETa—)LAaBGFEL TS 7z, 2007 4
IZ1E, TNFETD 12KV SE U 1L7kV iHED IGBT /N1
ND =T 21— IDF v TERO/Nw or— kil - ks
iz 33kV e F THESE T, HREICHENTZ 33kV i
IE, 12KA EHsEHK DA% IGBT Y1 — L& RS U
2008 4FITIFE, 12kV XS L7KkV HEICHWT, RIERAL,

BESEEOIR L, DO BRBeM e & KR IC 3% U 7z IGBT
INA T —E T 1 — VAT IB%E L, BEBEL TWD,
ZDEYa—ILDONNv =3I, KA YO >0AC, &
MINT Y AIENTWDS,

MBS U7z 33kV 1.2kA IGBT €Y1 —JLICld, &
DI\ 7 — Il E N Uz, 33kV IGBT €1 — LI,
PEEHBEDOAIE DT, EMHEND#EHE TS DMEL T

1 3.3kV 1.2KA IGBT EY a2 —ILD%HER

&1 3.3kVIGBT EYVa1—JLOBZELER (1.5kA, O.8KA IFFRFEH)

E B 2 = 1MBI1200UE-330 1MBI1500UE-330 1MBISBOOUG-330 = IS
VO YER I 1,200 1,500 800 A
NNwo—IH54=X — 190X 140 190X 140 130X% 140 mm
aAVUF-I=ZvIM v 3.15V (1Z#1(E) 3.15V (IF%(E) 3.15V (IF%#fE) v
BIFNEE GBhHT) OF(sat (150°C, 1,200ADEF) (150°C, 1,500A D&EF) (150°C, 800A DEE)
_ " 2.75V (iZ#(E) 2.75V (1Z#(E) 2.75V (1Z#(E)
IRRREE (FRENUHT) Ve (150°C, 1,200AMEX) | (150C, 1,500ADEX) | (150C, B00A DER) v
IGBT 8.5 8.0 13.0 K/kW
ﬁﬁﬁ H“’\(I'C)
FWD 17.0 15.0 25.0 K/kW
HEARTIHE Vieo 6.0 6.0 6.0 kv
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W3, AR CIlE, ®HD33kV IGBT ©V a1 — LD,
TEREIC D W TR T B,

2] 3.3kV IGBT €Y a2—)LD{ttk

B®1IC33kV 12kA IGBT EY 2 —ILDAMRAERT,
190mm X 140mm D /Nw o — I T, ATV —ILED
HHPEEFE S TWD, ®1IZ, 33kV ©Y 1 —I)Lod HEAL
BaERY,

ERRHE

3.1 IGBT $&U FWD D4FE

(1) IGBT Fv 7O E

IGBT Fv JI&, SafIEIE Vigen - ¥ — YA JHE Ey
FL—RATICENTZEN LY TFHEEE D —ILR A MY
7 (FS) Mk TU > 1) — X IGBT &#MH L, 33kV HIC
TILEY Fhrlamdfb L iR beK> 7z, Fz, K
HES5FICHSWTIE, SEEEDIZSH IGBT Fv THE
WA A w F Y IR & (A WA 7 A% B VIR
(RBSOA) PaE#FmH) 2O LIFRHETH D KWL
RBSOA A7z 27z8, Fv JOEEIT v JHTO
BmEPEIIHI UeEE Uic, £z, JLOYMDF+

2 Veeean I F51%
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VOSBRI (A)

500 |

O 1 1 1 1 1
(0] 1 2 3 4 5 6

BEFNEE Veeean (V)

3 V-l 454
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1,500 |

IEZBR /- (A)

1,000 |

500 |

O 1 1 1
(0] 1 2 3 4 5

IEEBE Ve (V)

UPHEATHET D LT, PHomiukilaait D
Ko lcuL=
(2) FWD (Free Wheeling Diode) F v JOIFE

FWD Fv Jid, OMIKIBIRAL, OMRE KO8 EE IS &
DIRF O — VETEOPIH], EFEL T, D — /RO
wEALEXD, WAL Y Mnt ERETOT 7 1 ILE
Uiz, &7z, SWSEEEI & (5 di/de it ezt D
728, 1V — RANEEESR T v 28I A O TEHT 4 & S
L7eiEi & Uz,

3.2 Vieean—lc BES KU VeI i1k

B2 IC Vg —Ic FiMEER T, EEBEEROKRIE Y 52
D~ L >F IGBT [FEfk, IEDQREFREDF SN TWD, I
FIFERERE DR 7 > /N T > AR SN, KERILICLE
T AEHN A D5 [T 75D

31C Vil ¥k A7 0. FWD DA © E M D255
OBHFLLE CTIEQRIEREE R > CHB U, BHIEHRIES
IC75%,

3.3 RAYFUIHEHH
B4lcy—>A>EY VA THFIOCWRBAA v F >
TWBERT . /A AL, KSEY—IBEDLIRAL
THHI, MEEWEECHD.

4] Ny or—IBE&

RERA VN—YEBEICHEHINDKEREY 1 —ILIC
I, BEIENE, BkEGE)) (REIKPD RO N D, F
T RERALDTZHIC, EY a2 —ILINDOF v TR OER T >~
INT Y KGR /S T — TN D ISR EE CH D,

4.1 INw I —INEPOBIESIES
512 33kV IGBT € 1 — JLINEROBENSHEE AR,
33kV EYVa—ILCIF, Mk DIREGETI N LD7z8,

R4 RAYFVIRER
(Vee = 1,800V, /c=1,200A, T,=1500C)

" s genar
: ov —' Ve
pokinga |
, Ve - /o Ic e Ve
. EENACEREN $ g
oA~ : 0A |
F—IA R F—A TR
Vi (Vo) |
| Vee :500V/div
TN\ W D Is . Ir : 500A/div
s - Vee :20V/div
0 | t 1 1 us/div
Ie ' :
 pOERE
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5 3.3kV IGBT €Y 1 —I/LORERDIRESHES

K7 EEREOERIIEAESR

<1 —_— *
Y=Y TI (AT DA PRYF AT

[FATERE

AISIiC X"—Z

6 WRAIEWREOEmTED

- AVIIEIIUR
=30nH
(1 mwmFHED)

AVEIITIR
=20nH
(1 wmFHED)

=

(a) tEal

(b) BR#E

BEEY 12—V C—RITEHASIN WD PILI S DL
Wk U BIREFRA 25 ~ 8 i L AIN FEMR AR U 7z,
TOME, R IORTRBIIAIEBU I,

N—2ZMFHE, EIFEEY 1 —ILTIE—KICE (Cw)
N—=2ZAHEHSINTWD, 33kV IGBT EY 2 —ILCla,
FBWEBM AT D7) I, AISIC X—AERH LT,
AISIC 13 Al & SIC DBAEMETH U, BBIRED AIN 2k
WICIE Wz, Cu X— IR, E— kYo DILFEFGHGD
IND —H o DIVFEGHEREN T D,

4.2 EHFIBEDHR

TG OEENClE, RO 3 HHBEECTHD,

(@) WNER-1 > 08 > Z DR

(b)  HafsEAR B D EEHE 7 > /N D > A,

(¢) HMafsIEA AN\ DEFEEBDISITFEN (— 5o 2D

IND —H A JILDFFI LI DEHD)

Zelal, FuTF%& IGBT NA/ND—ETV a1 — )L EIBD R
PG ICERE Ulc, B6 TSR & REDFEm i aR
I,

(1) WFEBA >4 > ZDIR

FTORDOESERBEICIDEEDIC, ALIYYHD
RETLZTVYHDRDOBEDS 2 L FICEMBL, BADH
HAEH ZRBIICTEH 22 & TR V504 > A=K
WSz,

WEDFEH, WNE > 05 > A& HEKum 1D 30nH D
B 20nH MR U Tee WEA YOGV A LI, A1y
F IO B/REAL di/de 1Tk Y, ST EF v TR
IZ, AV = Ledi/dt DBIEDFEAET S5D T, W1 > 50
L IR IE Ty TADBEILRIK E 5D,

I=vFimT

fEiFER 2

feEER 1 £

DF VI DEFR
fegEiR 2 &
DF VI DER

HERER 1

HERRER

3.3kV 1.2kA IGBT €Va—)L
X IBIRER EICFY THECETND.

FyIOBTR

| REIR | LD femEiR 2 £D
FUIOBR

| Vee - BO0OV/div |'|
| /e : 100A/div |
I \ t :5us/div

| o]

(2) HMfEEARB OB P > INT > 2Kk

AR IFEY 2 — VO ERH FREDD, LTI v YT
ETFICMETDSOOLEAL VY TFIETICMET S2DDE
Z5h, TN ERMER CIFEREL TLWa DT, i
PRI CTEEDAE —DELU DT WHEEChD, T
BB KOO LI Y FNERO B T L, B8
BIIC/3D KD ICREI LTz,

B 7 (CHEA I OB a e U7z amd . il
FEDFERL, HAFIAR R ORI RAF T > 72,
(3)  HEAFIEAL N\ DBEREHEL D IS T I FEFN

HEARIFEA AN DBEEFRDISTIFEF D I8, 0 T4 1 2
B DRMALIC K VS HL L TWD, iz, T+
To—AE—RBIE L, EITA\OIRIFEAETIH L TWL
=

(5] INDT—Y AT ILMtEDHER

RIHEEY 2 —IVIE, TORERHLSERBEESZRSI N
%o MO EEM T DEMEMEICIE, /NT—Y o I
HD. ND—Y a1 o)Lk (WikaERB) &, IGBT €
Vo —IVERET « VICHE U ICIREClBE - EROER
WEMAYS %, IGBT Fv JOEARE T, & L5 - T
IEBEICKUBA N L AESAESE, AL A TR
BI2E IO NO—H 1 OILRERICIE, BAREE T
BWERMORP T LA - TRt AT, N\ —Y 10
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8 AT, I\U—Y 4 U)LERER

10°

108 | (N

107 | AN
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2842 /18s#7

10° |

Fan (U10)L)
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b n
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10°f AN
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(AIN B4R E AISIC R—2) .
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10 50 100 200
AT (K)

ISR &, R O T — R T, % P 5E Ol &
TETFEUEB AT, SO~ 2 ILikBbib 5.

5.1 AT, IN\O—Y 1 & )LFli#ER

ELEECIE, IGBT EY 2 —ILICHBITFBD/INT—H A
WiRBR A DE Y 2 —IVEHTDDS, AT, /XD —H o J VI
EF v TFDIFATREPILE Z D LT A VEHGERDOHEG T
PF BT EERRL TN,

B8 IZ33kVEY a2 —ILD AT, /)ND —H 1 DIk Bkl
WhIRT, 33kV EY a1 — I, 12kV H KK 1L7kV i}
JED IGBT NA /8D —ET a1 —I)LEFEKIC, Fv T FIEA
TEIC SRR KL D Sn-Ag (G AR P L, IR
MBEREWSELZEICEY, 12kV S XS 1L7KV iy
JEDIGBT NA /XTI —EYa—ILEFREKED AT, ST —H
A DIV R E MR L T2,

5.2 AT, INT—Y A U )LERIER

E9IC/RT KLDIC AT, = 0K DM, 2 012U
DEDFENEME LTz, 33kV EZ 2 —IUIk, AISIC X—
2%WHA L TWVWDD T, CuX—2ADHAEIEHT U T 3ELL

LD AT, )NDO—H o DILiitEafEO,

6] ®@mSA1V7vT

BIAE, 33kV 1.2kA IGBT EYV 2 — L& U /S 4 —
THHE (190mm x 140mm) T, #FIRd B IGBT & &k O
FWD OF v JH+ XAhEKE< L7z33kV 15kA IGBT E
a2 —Jb&, 130mm X 140mm /Sy 7 — I D 3.3kV
800 A IGBT E¥ 1 —JLBRSH Th D, %4 33kV IGBT
TV 2D HEARRIFRT IR U,

HEHE

Leml, JSwr—JICIGBT N1 /N —ET 21— IV %A@
L7z 33kV 1.2kA IGBT E¥ 1 —IILAEBSE LTz, S BLAj
([T, WER > F 08 > A% 33% KK L, Hiisk A
DEHREALORIF CH D, COET2—ILT/ND—H
A OIRBAEEKBL, +oEREAERD I EAaffRU Tz,
33kV 12kA IGBT € 1 —JlIk, 2010 48 AL D F5E
Thd,

BEE

(1) W R E D, 33kV IGBTE ¥ 2 —Jb. & LI #H. 2007,
vol.80, no.6, p.397-401.

(2) VEAEFFE D IGBTNA /8D —E T2 —Jb. & LI
2008, vol.81, no.6, p.390-394.

(3) Morozumi, A. et al. Reliability of Power Cycling for IGBT
Power Semiconductor Module. Conf. Rec. IEEE Ind. Appl.
Cof. 36th. 2001, p.1912-1918.
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High-speed IGBT Modules

Y@ T A Shunta Horie INI] HBE Shogo Ogawa BA A Taku Takaku

ST4E, MRI DX #7a & OEBHBEE, MEBEED IS XV hy YHBERE VW WA AL TWd, INDOED
24y FIREWEHIE 20 ~50kHz OFI ChH D, CDIDHEEAA Y F o J R COMA I U 7z %3 IGBT €
T — IO E T > Tz, IGBT Fv JOEMp BOEEIY FO—)L, EHEEILEY FRRO&EM, FWD Fv D ~
L— RADOEMALICE Y A1y Fo IHIEORREEB Uz, £z, TY 21— ILOMBIEEESLE U/ Sy U — I &R
HadLick, Fy TORE FAZMZ, Ss#HA1C Yy FUIENREICLTE,

The market for power supplies, used in medical applications such as MRI and X-ray equipment and in welding and plasma cutting equip-
ment, has expanded in recent years. The switching frequency of these devices is in the range of 20 to 50 kHz. High-speed IGBT modules have
been developed for use at this high switching frequency. Lower switching loss has been achieved by controlling the doping level of the p-lay-
er on the rear face of the IGBT chip, shrinking the cell pitch interval on the front face, and optimizing the trade-off relation of the FWD chip.

Also, the use of a package that provides improved heat dissipating characteristics helps to suppress the temperature rise of the chip and ena-

bles high-speed switching.

TADE

FLAE, BRI OE LRIV F 3 ROEBEEEDE L TH
U, NO—T Lo brbO=Zo A WIEBEHELILEDOF]
HaEHEdTEIIAL TWD, dBIT, EEDOERIER
LD ITH 7z /=Ml g )7 :NbBFEZE SN, IGBT (Insulated
Gate Bipolar Transistor) £ 1 —JUICx}d D = — XlF =+
FEILZHRILL CWD, INFETHREOMERM LTS
I DD 1 X, RIELZ IGBT €Y a1 —ILOBZEH
fibn<ThHY, SHBEEIU VD TDOREMESHENDIAL
BEGE > TWB, —4CIGBT OEES S U 1 Y BRICE
TWTHY, BEOERLEEHITHITIEr T
T—TavE—REG O TERMBREDLE LGS TETW
Do GHRIEGT DM TSNS MRI (Magnetic
Resonance Imaging) © X #t7x & OEHEHBEIR, HHE
PITSAY YA, FEIMEEEE 5 & O & I E S5
L7e@# IGBT €22 — L aRIF Uiz, SN D ORERRIEEE
B O/NRAL - BRI A EB T D72 12 20 ~ 50 kHz D
21y F U IR CHA SN TN S, T—% K51 T
DWHA VN=FIxED XA vy F > Ik (B kHz ~
20kHz) I[CHANXTIEFICEWEHEEDOHIL Th D, Lk
o T, Ao v FYUTHRETEVNDITROIHHNEEE LD,

T CEMIGBT BV a —ILIE, BEOBIESMICED
T TIGBT O E A« v FYJBIED L — RA D
wixEibd D LTk, W COREBEDRNELED
KD IR LTz,

ARG ClE, SmPA%E L 7ZRE#E IGBT €22 — LS &
FTOHEHMICOWTHBIAT D,

2] Hm*RI

1 ICE MDA ERYT ., BFEL 72m® IGBT €22 —
IWORGFRFNERT IR B2ITRIN—TTUw TH
BRAO2MEMEY 2 —ILEF a3 v/ISHDOEY 2 —ILERY]
1bUTz, BIEERKIL, THZEROEHW 1,200V Thd, &
TEEMIE 2B ES 2 —ILH 100 A, 150A, 200A CTdh U,
Faw/NHEZ2—ILH200A, 300A, 400A CTH D,
1IRTEDIE, Ny o= FY—0y bHiICHE WA
<HHIN TWSERE /Sy o — IR UTc, T2 ITHEMHE
IGBT L@ 4« 7 DL &R T . W IGBT OF
7%, IGBT, FWD (Free Wheeling Diode) & ICfafl17E
EDRE< 73> TWBH, A1 v F v IHEEHN 40 ~50% I
L TW D,

3ICHEHIGBT O#HA & U TAEERORKE/RT,
CDOEDFEMBEFIZHWTIE, Y NN—YEBITMHEHT D 2 5
#MET 21— I &, PFC (Power Factor Correction) #I1Z
AT DSTFavNNETY1 —ILHLEELD, CONEKIE

1 EONER
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FRADEDICHED, TIEAA v F2IEM, Tn & FWD
EHEIFM Chd. RADLDGHhDESY, I BRNED D
EEIC Vg IFT TIZ0IC/E> TWDizH, N—T T v
JEED IGBT Tldy — v ViRIFIFEAEFE LEWL,
FWD ;@B M © IGBT I XIFDHMIT/hS <, EimiEk

IC7EII U, IGBT OMAEHY 1 Tafik iz, PFC Il
MI2DFav/SEYa &k, N—RY - vafEsx
%7z, FWD IZxF U CH IGBT EHEERIC A v F > Ji8
ROBIRDLIELED, €D, FWD bm#y 1 T%&
BAsE LTz, R3IC, AL CWBSF Y TDOYA TaFLdH
1z

8] =& IGBT ®ms%E

4Jal, IGBT 7 v 7, FWD F v J&#HHICHH I U,
INw T — VB HE A A TDINy A — DT E A i U RSk
Wb Ea =B U7z, UTICTOFMART .

3.1 EXRIGBT v JORH

24y F IR 20 kHz &8 2 D K D 7l H I
CHEWVWTIE, A1y FUITEREVDITHES THNEET
bD, B5IZRT KDITIGBT Fv TOMAMEE Vipen
EIGBT Fv JOY—2 A IR ELIF L —RATDH
FBElE> TWD, TORL—RAT ETIR Egy 8 Vg
IO hIB &Ik, 20y F Y IHEIEKIFEICER
FHTENMTMEEL 5D, GhIFEA v F > TEEK 20 ~
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50kHz ICEW T IGBT @ b —4JLiES GEBHI & A1 v
F U IHEDOHD) DR/ HEDEDICTF v TikdEtair- 1z,
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New Lineup of V-Series IGBT Modules

Bt ZFX Kouta Takahashi HiE i — Shinichi Yoshiwatari BEEF 87\ Yusuke Sekino

HEEETIE, BB TV U —X ) IGBT ZHWEEGDORVEE#KDH TWD, VU —ZXIGBT €Y a — b
I&, Fwv THEOERE /Ny o — IREMEDgEIC k), IGBT BV a —ILO/MIME, B8N0 —8ELAEERL WD, F
Iz, Fyv IBFIONNy r—IOEM LIk DEEEZEZRES, 175 CICB 128 (7272 UIElE) &AL WD, &1
BRCTIE, BN —FBELDOEFEEEOEVWVIU—-XLELT, RE®2 in 1 O/MUET7 in 1 EDOHBL/NY o — T DBHFE,
1,700 V NDRINPLKRF EBHED TWD,

Fuji Electric is developing a series of products that use the latest generation “V-Series” IGBTs. V-Series IGBT modules realize lower
chip loss and improved package heat dissipation to achieve a smaller IGBT module size and higher power density. The chip and package char-
acteristics have also been improved to enhance reliability and guarantee the maximum temperature of 175°C. For these high power density
and highly reliable V-Series IGBTSs, Fuji Electric has developed new packages, such as a large capacity 2-in-1 package and a small sized PIM

(Power Integrated Module) package. The product lineup will be expanded up to 1,700 V.
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VV-Series Intelligent Power Modules

557K [E#8 Naoki Shimizu =% 35HA Hideaki Takahashi HEF EEEBR Keishirou Kumada

PEFER TV U —ZIPM (Intelligent Power Module) | A3 U7z, RN, IPM HICE L U 7z PERESE 6 ATV
Fw T EFHIEIC A U CIAEBREERIRL, /Ny o —JO/NMLAEEILU =, SHKEEREOEHILEI TV, EHH
REFHMMEDO L — RATERHEIT D ETAAL Yy FYTHREMM U Tz, & D ITH G IC /Ny U — T Dl bl &
U, =2 VHKROBERERS /  ZDEEEITEI LTz, HERDLRERBEICMA, P o LENIEICF T—LINLVA
lREZZ T DB EER LIz, Fio, AERE/Ny U — I THOMMREDTTREE > TWD,

Fuji Electric has developed a series of intelligent power modules for industrial applications, known as V-Series IPMs. This product com-
bines high-performance 6th-generation V-chip technology for the IPMs with a new control IC to realize lower loss and a smaller package size.
The short-circuit protection function was made to operate at faster speeds and the trade-off relation between conduction loss and short-circuit
withstand capability was improved to reduce switching loss. Additionally, the new control IC and the package were optimized to reduce turn-

on loss and improve radiation noise characteristics. In addition to the conventional protection functions, a new function that outputs different

alarm pulse widths for each alarm factor is also provided. Ground-fault protection can also be provided even in a small package.
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Superjunction MOSFET

K ZFE Yasuhiko Oonishi X BHE Akihiko Ooi EfE 817 Takayuki Shimatou

RAREREICENZZERETESYF T v ILENAEEMA U, E# 600V/016 Q (V¥v 4 — 1 TO-220) D Superjunc-
tion (S]) MOSFET & fE# U 7z, 1E# U 7= SJ-MOSFET I&, SJ H§ i& O A i Wy 52 B i 'ﬂ: IZ & U, itk MOSFET
FSuperFAP-E*] 123 U# 70% D R, - A K&K UTc, CNIFERKEL NXILD R, A Th U, fitk MOSFET O
IR Z DM TH D, Fiz, STHEDARKMIRE TO 0 7 1)L, n BNy I 7 EDRE bICE), ERERULLO LA
PNV riitm et Uiz,

600 V-class superjunction (S]J) MOSFETSs (package: T0O-220) with a maximum on-resistance of 0.16 () have been fabricated by using multi-
epitaxial growth technology which has an excellent capability for controlling the doping concentration. By optimizing the doping concentration
in the SJ structure, the fabricated SJ-MOSFET achieves an approximate 70 % reduction in specific on-resistance compared to that of a conven-
tional MOSFET “SuperFAP-E®” This is the industry’s highest level of specific on-resistance, and its value exceeds the theoretical limit for
conventional MOSFETSs. The avalanche withstand capability of the fabricated S]-MOSFET has been also improved over the rated current by

optimizing the doping profile of the SJ structure in the depth direction and the thickness and resistivity of the n-buffer layer.

1] FRAH=E

VAR, HWERBRBIPREANDOH LS F D9, IT 58 <
FHEEHILELT, U=V ITADFEANEFE> TW
Do IT BEEROWIIHREIL T 272 I1T1E, IT H#R T
I 2ENEFBEIRDOMEE LIFDLEND D, KEK
75370 — MOSFET (Metal-Oxide-Semiconductor Field—
Effect Transistor) A< RO BN TWD, B
T T %/80— MOSFET I&, A1 v FYIFNA AL
ULCEIEL TWBTzth, TDJsAEHIZIE/ SO — MOSFET
DAY LU TWD ESOEBHIEA VA TIRE, H
DA VIRBICEALTDESDAA Y FUTHIEHNDED,
—REIC, A F VI REBEHMR WAL C IR I OV
By <, Ay FUTREBEBDEVWHEBCIEAAN Yy Fo U
HRDHLEMIC7x D, EmIHIOMREFEE & U TIEHALH
FCHMBIL LA VIRPLR,,-A W, A0 v FY I
REaRITHEREIBRKRE U T, A VIKPr gL L 72— &
- RL o YHBEME R, OQp WD, €Nk, /N0 —
MOSFET OFAHL TR T S 72H ik, s Mheds
Ba/he<IsENm<RHHND,

—J, IWWEE R,-A EDMICIEFMEICK> THFEDH

MRE (U O voEIFE Oy =y b EFIEND)
b\ﬁi’i LTHY, COMGHRAEHBASD R,-ATHD
ElFTETHEVWEEZISLN Wz, TOMEAE L AU
JU— U 7z @ 1 Superjunction (S]) & T U, BIWx
Ry A OIGHD T REE /5% EHD, FEHEHU TN,

A ClE, ERREKREORA VYL, LA ZNT Y
T iR U 72 600V 7 5 A D S]-MOSFET % B %
L7edD T, TOEEFFES LR ERENT D,

[2] J\DO— MOSFET D#ifiEna

112600V 27 5 2D /$T— MOSFET ® R,,*A & R,
O D LY REFRD, fimlL ek >Ic/$T— MOSFET
D Ry, A I EHFGHRR AT B0, TNECOM
BIEWNC R, AET YAV Sy hSES 2068
HMEFE> TWeo Ry-A &I 27zHic, ~>Uavl)
Ty hEHEDSRUTMEILOKEE R U T MKPLLAE DAL
YU DA & 247> TS 7z, 4 131 MOSFET #0D
LIVEEEE b, EIURESE O R#E IS K DT v 2IVIRPLD
JFET (Junction Field-Effect Transistor) #EHt Dk T
HbU, MEIELAWM PNV o itE EWEEHET D

RUD RO EESDREICED R T NEHLD
Bk Tholeo LAMP NS VY tlifEEiIR T eI
p U T U E WG TIE, KU T NEITOAIRIC R
b > 1, BPmESEMmICK) ChEKikd o
ENMREE 75 Tey BETIHAHMIE, p T ILL A

1 JNTO—MOSFET D Ryy'A & Ron* Qep DLV K

1.2 1.2
R MOSFET
~ 1.0} mrmEagn 110 3
5 3
~ 08} 108 2
< o
e G ... 106 ¢
5 a
04} 104 2
~ Ad
gg =
B - &
= 02} 4102 &
SJ-MOSFET &
0.0 . . . . 0.0
1985 1990 1995 2000 2005 2010
(#8)

389 (33)



E1BFR Vol.82 No.6 2009

Superjunction MOSFET

Td U, JFET #iia FH B I1C p X— A M= 5k <
FDHILICEY RU T MEPLEIR L, p X—ATEIRD i
WALICK D p D o UL EREEDO L AR 7 /N5 > 2 i
WEMRL TWD, BEPHEGHEAM IC L U Ak MOSFET
DR,AIFZUIAVYZ Y D 110% ITHETUHL, Ry,
O B Ry A DARIRS K W p X— ZAMRHIC L D RS
KEFETS/z, BELERTIEC OEFmESHEM 2@ L,
ISuperFAP-G > U —X | =w#HLL, HBKE L THOLD
F&BR U TSuperFAP-E* > U — X | #8IILL C
e,

AR, YUY Uy hETLA U AIL—T D S]-
MOSFET HEH N TWd, S]-MOSFET IEE 2 I[T/R T
KD ITHEHK MOSFET O KU 7k fE% p BIFHIK & n B 5H
WEDRLHICHEATEHEICES A DD TH Y, n Al
WOAFMPIBEE AL TDIENTTDIEND, R,-A
HEIMICER TE D, Flz, Ry-ADPMKBRTETBERUA
VHEBLTCOHERE AN TET DD T, R, Ogp HERK
TEdT&Icixd,

(3] SJ-MOSFET DI

3.1 BEITESYFY vIUEREI

ST HERE I, BIAIR R, A DT HEE D — T, F v —
DTN & D 7z 8 n BGHIK & p BIFHIK E D F v — TN
TV AT MERR T E T NIFTE DR T & < 3D KR
Wb D, Fv—IINT Y AHN D &I D IR
LCULEWL, EHMBES/HRTCSHL<AE>TLED, SJ-
MOSFET Z#5%d % T, n BIGHS &K O p BIGHIB DA
FIREERER<HIHT S EDNERLLE LD, HEIFED
DXAWHT DIHITIE, p MAEILDGES I RO AKEY i
JEICHAiaFilz8 2 LB LELD, T T, S]fkE
OVERLEE U T, AR R ICEEN T2« A VAL
K BFTEFHIRANDAFPPEAE T EY T v UK E & DR
DEUICEBHEBETEY TS v LR ES AR L,
BICEZETEYFT v IILKETRICKD ST HEEIEH D T
Otx70—%mrd, &J, NHPWEEDKW N HEE n

2 Rk MOSFET & SJ-MOSFET DO#&E&

TNy 7 EOEZBIMKL n BIERD LICTEYF+
WEESES (A57v T 1D, KRIT, Hisk LAY T n BIGHE,
p BRI & D HIMA DA (P) EROY (B) =1 74>
EAL (A5 v 7 2), HEWVTRMPEEDORWN N BE %
TEYFIrILEESED (X5vy I3, R ENUD
n RIS, p WEUROAKWIRE X, 1A FEAHOL Y
A BFEEA A VFEADKEICL S THRESNDZD T, R
FIREE DRI NES L 15D, FrED RY I MgEICED
FCATY T2ERTY T3AHURL, mEICEILERIC
F o THkE U Je n G, p MEREIEN T D, CD%EIE

3 ZBRIESYFIYvIIMRAXDSIBSERTOERAT
D_

NBITESYFIv)UE

25w 1
n BUEHR

p+ B+ p+ B+ p+
v v v \ \

NBTESFIvIUE

AFvT 2

n BUEAR

| NBITESYFIv)UE |

NBTEYFIvIUE

2AFvT 3

n BYEAR

ATFvT 4

n BUERR

4 SJ-MOSFET DifiE1 SCM &

Pk v—2 Bk v—x
=) = [ gl = (=
A=Ay L ] (W
nt| p+ P nt| [ ot P

n nlp|n n n

nt nt

KL S,

(a) 3k MOSFET (b) SJ-MOSFET

n &2/ Tr=

390 (34)



SR Vol.82 No.6 2009

Superjunction MOSFET

i D DMOSFET (Double Diffused MOSFET) 0Otz
2% L, DMOSFET % SJ D Fi K L, SJ-
MOSFET &9 %, BA4ICEZETEYF T v IILEENFXT
E#L U 72 S]-MOSFET O W i ## 1% % SCM (Scannig Ca-
pacitance Microscopy) R C~d . p M, n BIGHIL & B
SHMICHBL, STHEDBRINTWS Z EHHERT
=D,

3.2 R, -A DXE

ZEIEYF 2 vILEREREHWTER 600 V/0.16 Q
® SJ-MOSFET = Bl % U 7o 5@IcR_RITLDIC, B
% U 72 SJ-MOSFET ® R,,*A & £ 3 MOSFET T & %
SuperFAP-E* [ZR} U, # 73% KK L 7z. T NIFEFR &

5 3K MOSFET & SJ-MOSFET D14REFEEILLER

1.2

10}

A (a.u)

08}

osl 73% {8

04}

(OF=] J

RBIELTE Ron

0.0

SuperFAP-E® SJ-MOSFET

(fisk MOSFET)
(@) R A

1.2

10 —-------------r----
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EFE 600V/0.160Q Ves =10.0V
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FLXNXILDR,ATCHHDD, R,y Ocp DILEEARES (b)IC

R 9o S]-MOSFET O R,,-QOcp, © SuperFAP-E® (T It X

#169% DI EHH> TWD, Fiz, S]-MOSFET D i

MOSFET # 3% 1& SuperFAP-E* MU a> Tk T U,
VDT IBHEL WD, BB I V=30V D SJ-

MOSFET DA77,

3.3 Lamr7/I\Srvy imEnwE

SJ-MOSFET @ L &ff 7 )NS5 > 3 = B I 16k
MOSFET &bl d 5 MW EHMRIHS N TWd, 4
BH%E U 72 SJ-MOSFET (& S] fif% DER S A a5 1 DA
MRIE T O T 7 A ILB IO n BNy T 7 BOE#ELIC K
U, Fv—INT Y 2%EMHETH 150 A/cm® O L & 78
Ty riitEAEMEL I, B7I1C SJ-MOSFET OtE&L
FLAMPNT YD T REERT,

(4] SEHESTE

TO-220 /Nw 5 — I CHAN. TILBETEY 2 v LK
£ 77D S]-MOSFET (& #% 600V/0.16 Q) & 400W 2
S A ATX B (ATX B ICHER L 29— HEBD D

HEHEMRE (B8) ICHIRL, HEABKLCHE LA D
i A 4T > 72o /XD — MOSFET #RODIRJHIE AR 9 IR
9. HEERSIE, TO-3P /Sy o — I Cieb 7 VIRPLD /N

7 SJ-MOSFET O L &&mr7/I\SVY gk

| ®#600V/0.160Q Io: 10A/div

=R ok . Vs : 200V/div .
B%R9 : 5 us/div

_ 4-

8 SKEFHmMEIRDEE

FIERCGELEE
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Superjunction MOSFET

9 J\D— MOSFET DOFLEEELLE (AF AC100V/ K

400W)
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10 @ ;————ee

14916

2 | H—AT
3 o8 1k
ﬁ 06}
H F—F
W oal ax

o2}

0.0

[FMH23N60ES] SJ-MOSFET

& U SuperFAP-E? ¥ U — XD #Lf, TFMH23N60ES | (&
% 600V/028 Q) & U7z, #RIE, fEREF0O TFMH23N
60ES | IZxf L, 3EmiHE T 16% KRk L <HY, b—4IL
HETH 14% KR L TWD, Fiz, RELEAFHSTD
BIREMERL CHBY, h—2ILDOBEIEIERNH CTIER 05%
D EEMER LTz, TO-220 & TO-3P & D5EWILd D 18,
SI-MOSFET N\DiE#2 2 7213 T, JeEH IR - ZhED
Y/ IR TE D,

(5] dE&hHiE

LT EY v U RN @ U 725248 600 V/0.16
Q UXwH—: TO-220) @ S]-MOSFET A Bi% L7z,
SJ-MOSFET I3 ST #§3& OASKEH 52 BE D @Ak, n BN
I 7 EDOmBELICKY, EREELNXILVOKR,-A, &L
A PNV iR EER Uz, 5%, R TRAMLEZ
RIE 7 S]-MOSFET A # i b U, HhEkBEEL 4838 (< E Bk
ULTWSFHFECH Do

BEH

(1) Fujihira, T. Theory of Semiconductor Superjunction
Devices. Jpn. J. Appl. Phys. Oct. 1997, vol.36, p.6254-6262.

(2) Deboy, G. et al. A new generation of high voltage
MOSFETSs breaks the limit line of silicon. Proc. IEDM. 1998,
p.683-685.

(3) Kobayashi, T. et al. High-Voltage Power MOSFETSs
Reached Almost to the Si limit. Proc. ISPSD. 2001, p.99-
102.

(4) Niimura, Y. et al. A Low Loss, Low Noise and Robust
500 to 900V Class Power MOSFET with Multiple RESURF
Guardring Edge Structure. Proc. PCIM. China, June 2009,
p.150-155.

(5) Onishi, Y. et al. 24mQ -cm?® 680V Silicon Superjunction
MOSFET. Proc. ISPSD. June 2002, p.241-244.

Kt FRE
/X7 — MOSFET, IGBT O#f%¢ - BISsICHtH ., B
1, BRIV « > AR S HAN 6
REBIC BT GE T 57 /o« AHehiiise > 9 — 5
INA AP

XH B

IND—FINA A - IC DT O AWF%E - BSsICHEs,
_ BE, BB 257 A LS Bk A
e FRSEASETS T O A%, TaEEL,

S 817

/XD — MOSFET, VILFF v TFI8A ZADF%E -
REFHCRET. BUE, BLERS 25 A kot &t
PR RAE BT T/ o ZHATH o
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% 2 NFEASERE/\D— MOSFET

High Reliability Power MOSFETs for Space Applications

H_E 1F&3 Masanori Inoue INFE 2% Takashi Kobayashi FLl EE Atsushi Maruyama

NL#ERE S EOFHE COMMBETRE & U728 2 i s E M/ ND — MOSFET =% L 7z, —#H#ED MOSFET
EDREFEWIE, BLRIVF—RFERN 7 & BRHEBGHRICHT I 2MMEER T2 Th D, HEaFilct 272 ICELATFHE
ERAEICL TS e, 2 ARTIE, ST RIIVF BT IO I SMmEdFetEo/iehIic, KU T MLREST VITEIEZST
WANZALDTZaLb—2a3 v TETDEDIC LTz, TORE, WEEL T, REEOTEYF v IVBEELSEITD
Z & T SEB (Single Event Burnout) MitEAMAEL, AR~ T XILOFHH/NT— MOSFET Z#MbU 7z,

We have developed highly reliable and radiation-hardened power MOSFETSs for use in outer space applications in satellites and space
stations. The largest difference between these newly developed Rad-Hard Power MOSFETs and general-use MOSFETSs is that they have ex-
cellent durability against high energy charged particles and ionizing radiation. To provide increased durability, electrical characteristics had
been sacrificed in the past. With this device, however, to provide durability against high energy charged particles, a drift diffusion model was
modified so as to enable simulation of the mechanism. A power MOSFET designed for use in outer space applications and having the world’s

top level performance is realized by providing a thick epitaxial layer with low specific resistance as a countermeasure to ensure durability

against SEB (single event burn-out).
FADE

WS 2, AR H A, GPS (Global Positioning Sys-
tem), HUERBIM 7 & FEHAH DB REHBFTI=E OATH DI
BEL TWDZEIFRMD I ETHh D,

ANTHRICHEHR SN TWVWSIEFRELP Ay TFVIE
WICIE, FHEM TCORSONIEE N EAMICFIHIT D72
DHOBEBEALDS AT L E U CORBHEEAMET D20
DI RS BNTWD, ez, /XD —
MOSFET (Metal-Oxide-Semiconductor Field-Effect
Transistor) 12 1ZALHETS d: O B8 13 AEAE O D
T 0L — RFRERL T 10 9 B P & 0D i A R AN A
FRTHD D, FFICPEERIBMDZ < 1F52H 2201 CTIEELSE
DD FE UL, M LTI HhN LW Tl
DR TS W,

B LEESTH M /N — MOSFET OBSICHT L72Y
B, /XD — MOSFET OHBEBUNMRIC & D HEPESIL DR
[EDOWTH < ORIEAESN TN, UAL, BT R
F R TORE ChRRRICEHEL CLEOBIS (SEB:
Single Event Burnout) [CD W TIldA 1= X AHE S H
x> TWEH > Ize TDSHE 1A TEHEMN/NT —
MOSFET < I& SEB i ¥4 & #5 7z 1 % 7= 8 IC B AU % 4%
PEICL TWeht, Bk d DL DI SEB A W Z AL EHEE
L, —fH/NT— MOSFET &FHSEDOESAIFEEFF D8 2
HAC G5 &3 M /S0 — MOSFET #Bi5 L7z, B 11
O], R ICTEESEARYT,

AR CIFZTDOHRRICD W THRNRD,

2] ETXE|HOFHRENDORB

B AR D T B FE AN D E BRI 1980 £EAR, M EFD G

H B 7¢ 95 #E B (NASDA : NAtional Space Development
Agency of Japan) @ F3E T H AR A — 11— DA & K
L£UMEEOS Y b “H-T7 ORZBEICIVMALZES
HHIEE> TWD, & LERFESEFEMO B]JT (Bipolar
Junction Transistor) ZB%E, L L, 1994 4£ D 1 5 8%
DFISE LIFEIICHBRU 7z,

—J), PAUR, O>F, HAR, BF4Y, BRI L
TPLE EICHEREM#ED TOSEBRFH AT —> 3 VICHE
LAEEROS 1 AR5 H /D — MOSFET H#%# a1 T
WD, HAROEBREY 2 —IL “EIFD” 128 3,000 8555
WS, 2008 4E 3 H OB A DD BIAEF CIER 8
(2 AP A

(B8] £ 2 H{XFER/\TJ— MOSFET ORH
ik D4 1 AL 8 /XD — MOSFET &, &5k RSt
% U ClE+o0aimE4aF> Wiz, LA L, SEBITif&

TR T DI ICEFIEZ LIF TS L TWe, TP

1 REOHNE
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% 2 HFEHASERME/ (D — MOSFET

=1 WR—B
- Voss Io Roscon™ Py Ves Vesm Qe BELAIL | =Y
= W) ) mexs w) W) W) e (krad) 547
JAXA R 25K4217 100 42 0.013 250 +20 25~45 220 100 SMD-2
JAXA R 25K4218 100 42 0.028 150 +20 25~45 100 100 SMD-1
JAXA R 25K4219 100 15 0.064 70 +20 25~45 50 100 SMD-0.5
JAXA R 25K4152 130 42 0.017 250 +20 25~45 220 100 SMD-2
JAXA R 25K4153 130 39 0.039 150 +20 25~45 100 100 SMD-1
JAXA R 25K4 154 130 15 0.089 70 +20 25~45 50 100 SMD-0.5
JAXA R 25K4155 200 42 0.026 250 +20 25~45 220 100 SMD-2
JAXA R 25K4 156 200 32 0.062 150 +20 25~45 100 100 SMD-1
JAXA R 25K4157 200 14 0.148 70 +20 25~45 50 100 SMD-0.5
JAXA R 25K4158 250 42 0.038 250 +20 25~45 220 100 SMD-2
JAXA R 25K4159 250 26 0.091 150 +20 25~45 100 100 SMD-1
JAXA R 25K4160 250 12 0.223 70 +20 25~45 50 100 SMD-0.5
JAXA R 25K4188 500 23 0.18 250 +20 25~45 300 100 SMD-2
JAXA R 25K4189 500 10 0.48 150 +20 25~45 120 100 SMD-1
JAXA R 25K4190 500 4.5 1.15 70 +20 25~45 48 100 SMD-0.5
*1 Roson - Ves = 12V, =2 Py T =25T
%2 TEARO/T— MOSFET ~DER 2 EMA) T — MOSFET OMERHES
=7 - BiE
mRIEE ) FEHA MOSFET
MOSFET | & 1 ifg | 25 2 1%
ORI | oxn | oBE
mWE (V) 250V 500V 250V
m
* I o A o
AR N o o
BRI (TID) x o o
BT F—FEUTME (SEB) x o o
O ER=Z/eT A ERISPORORE X D ERITKE

E%& F1FDC EIF VIRPLOBMmIC Db, FBIRD B
EHD,

# 2 A5 M /XD — MOSFET <&, SEB i & % Ifi
L8 T /NT— MOSFET & W& DR A W%
EHSUEDLEEHEE UTe, R2 ICFHHAEDISD —
MOSFET NDO¥ R A& /RT

3.1 FEHARD/I\T— MOSFET O#itTRE

—f /XD — MOSFET I&, B&RAFEICFENLTLDH
BAEBORHRR DB LRIV — A BRL T NFIE TS W, 8
1 #AC5 8 M /XD — MOSFET & SEB i & A 14 CTd
SIOICHEE 500V T REIFX AT, 7 Vikdia ik
PEIZTL TWD,

8 2 A H /S D — MOSFET ICH W Clda v ikPra
%k & DD SEB i & TID (Total Ionizing Dose) iy
HOMERS S CRIEEEOHAOIE CHh S,

Bk g D), 2)JIDOWVWTIE, F 1A EHEH/ND —
MOSFET C¥R%Afi/lcd T EHNTET TWD, (3)D SEB

KDV 2 AT HE /8D — MOSFET O%# Cdr 5,
(1) N—=AFwvoT— )Ly /r—IDEMIC kD EMEE

M e

EBIRDN—AT v O — )Ly — CGREMI Ny o —
D) EHHLU CEEEON EEK S TWD, /Sy —I0D
JL—/ (MOSFET v J&#£#d 285D 121k, 2V
> (MOSFET Fv JOFEM) EBMERSROIER LN
> T2y (Cu-W) BEMAEREZERHE U CEY 1 UL
iEEm ESETWD, EleN—AFv o3 —IbNy r—
JWIFE 2 ITRT KD ITHZITHE> TH Y, EEREERITA
TH AU TR ELILE— RHD/ND— MOSFET F v
TR L TWD,
(2) RETOLADWEHIC KD TID xF 3k

— M ICH ECED N TWS /8D — MOSFET % S HEH
SHLOBREL T TN I 5 &, WEKTP/ND— MOSFET
DI Y —A ITHIHEIT D — bD LI WEEE V, > 7 b
AT S, TID IC K DFFELILIFEALBICEATA b 5w
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% 2 HFEHARE®RE/ (D — MOSFET

TINDHITRI DR TH D,

FHH/ND — MOSFET (LI % 5 0D 2L B A (K
1t 2 & TWMILEDEM b T v TAaRS U T, #Hikifl
W E T 1045 O BRI OB 1E < B ICH Y4 9 % 1,000 Gy
O TID &Rz 1z,

(3) 2BITEYF vILEHIEDBHIC KD SEB ki

1986 SE A B E T RIVF —fER T (FIAIEZY
U (ND A 7 >7x &) 1Tk D8R TN A DFRBIED
ZERMIRIC R SBRAMIESINIE LTz, 7z 7z 1 O™ T
FIWF B TICL> TRIDBRTHDIZHHRUT
SEE (Single Event Effect) &IEIENTWD, SEED D5,
/X — MOSFET ICB W TIEF /31 A BRI ICHER T 5
SEB il Cc\d,

8 2 A /S D — MOSFET DRSS IC25 T U 7z Y Iy
(1992 4F), SEBHLEHIIL DD AN A LIFHBHIC
aNTWhaho7elzsh, YT alb—TarvafHuwTARh=
T LDIFHTICHET Uz,

3.2 SEBH#EXHN=XLA

SEBH LA al—a >y THUELDEIC, fEkD
TZal—2aYEFINTIESEBEEHAHH TIHH S
7eht, RUDJRERESTIVICHBIEEMA S ETINER

3 BRMESTMEBFIEANEEDD T

\/F (V/cm) Nit BIRILF—TTBHF
Q o @ < Q o @ <
0 0 < < < (Y] (Y] Y o Y

g g 8 2
¥ (um) ¥
(a) BFREEST

BFIEFLOFE (/cm®s)
< ©

o : ) o © <
5 N < [v] [} o ai
o 4] [ [

262.6
200
100
39.96

(um)
(b) BFIEAMREEDD T

MEL7ee ¥ aLl—2a YOMBHDKRDT EDGHSD.
B3Ik, ERMESAM EBTIELSIEED A Ch D,
5 LRIV F —Ff AL T DR IR > TR IEFL AR S
NB. TNH n+ MM E A2 B A I 155 9 RSO T
o, KREDOEFIEGHIEEL TWd, TEYFT v
JURE & FEARDBLR F THPESFLAIIML , & D5 TEA

PVl < B IEFLXH AR BIGF T H> TW D,
COREREDD, SEBOANZ XA TDLD ITHE

TE3,

(1) A UTEIxRILF—mENTFICL> T, FRULE
FIEFLX DD BIEFLAINXN—AER E U b, FS4
npn b TV I2YDEMET D,

(2)  ASFU7zms T IV — 5 b F OWLER I > g iE
fLAEIML (B4), F4£Enpn b TV I AYDNX—ANH
MUHMSNTERICE D, FEEINR— Zmld nt BB T
T<FafEND D ITHERFIRDIELIND, D
IR |FAB S TRHHBED BN DD T, WHELLTFOD
BECOREDITYAF IV OPNT YR UET
IEfLI DR T S,

(3) FEAEURIESLIFFHUINX—AEisE U TitHan, &4
npn b SV IAYDEEERET D,

(4) CHOUT, ERETEY T v ILEEDBEFATDE
BARPIRICHS FYACF I O PNT YT ICKDIESL
DERKIFE, U2y EHUPDOIEEESHIEETITRIU
WIEICE D,

[4] SEB XHRIBSEDIESR
R AN = A LA ZE L TRO SEB xJ S & 2 4,
Hht L7z,

N—=2AHH U RSN T ot BT S T IS 557 PHAE & i

H4 SIRIF—ETEBRFASROEMNIT

J—A s—h
? (@)
(GND)

FIV==D L\EBIE

THRIERAR

RUTUIdY

nt BUEAR

R~ (+)
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% 2 HFEHASERME/ (D — MOSFET

BINEIAF IV IOPNS YT ARITIFEDOEHER
ZI1F7x5 9", SEB OFAEEMHI TS EEZBND, D
WGRIEIZIFFEBRIC TEY F 2 v LEDOE S A% 272 MOSFET
HEL THEBREAT> Tz, TOREL LT, B5IC SEB %
HEBEDTLEYF v IILEDE SRR T,

AL CIE 250V DI EEHRDeHICLEET ESY F
TP IVEDESIFEHR 29um T 571D, < Oi%EHCIEmIE
D 60% FEEDEE (F200V) TSEBAFEA LIz, €h
IZRLUTCITEYFT v L EIEL< UTc5 /3«1 A ClE SEB
FEBIEMN LA > THY, Ho @R MEENTE EDV
b, COEBREND TEYTI v IILEBDIES A 32 um
g2 & THED SEB AEBRTEMNEALN TWVWD,

5 SEBMEDn BIESFY v)LEDEKFHE

400
300
) = 250V LIk
i
it 200
4
3
m
G —M&F MOSFET OIEY+v)LEES
100}
0 1 1 1 1
10 20 30 40 50 60
IEYFIv)UEES (um)

6 2RIEYFIvIUEEHSZERLUCSE 2 tHXFEA
JXT— MOSFET D &E4BBKIE

y—2 B—h
(@)
(GND)
IS = A
iaRs S
A | RUSUDY

BRI n BT ESYF2vIUiE

nt BUEHR

LA~ (+)

—J T, TOXHKIE/NT— MOSFET OEZEHMETH D
AV IPURR R E I GEINY ) LTL&ED, B4AICIE
/N — MOSFET O PR BRI LU WD, n- BT
B4+ > v IUEIE/SD — MOSFET &/ Y dle &
DBEFRERNCH T2, A VIRPTOBIMICER T S, n— B
TEY T v IUEDOA VRPL R, IFKSmEl g E 5D TH
U, Bl Z1E 250 V @G TR 80% & Hoh TW D,

INzanid 272D HEEL THRICTEYF2 v ILkE
DESAHEL T ZDTIFEEL, RILEPDO n- BT EY +
v UG Ry, w1372 2B T ES F 2 v )UREHERE (B16)
EEEUL .

COREEICE Y, KEEID I EY F2 v ILE Th> T
Bt BRI BEWIIKPLICT D ETTEYFT v L
IR UleE ERBOMRED O ND EEZIHND,
F7z, B npn SV I AYHBITEATN D RKREDET
ETEYF v IIVEOARMWEE (=P DX Y7
WEZEICE S TR=AH U SIS NEERAIEER T D720,
TEYFT v IVEDOAMYRIEEm < (Qbiiteik<) ¢
D ETCHBROEETIH T DR BOIETET D,

K7 ICTEY+2 v IUEOBESKIEDTE SEB AT D
BIRAERY , ZRUE2BETIEYTI vILEMECIE, T

7 SEBMEDIESF v)LEBOESHEIIKEFE

400

VIWIESYFIvIVE
DIEE

2EBRIEYFIvILE
300 | DiEE

Bi&E 250V
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% 2 HFEHARERE/ (D — MOSFET

EY+T v ILEEEKROEPIE 50% FEFIFTOHEZED
SEB #AERIEaZEL TS TWD,

CO2BEIEYFT vIVEH&EE#EH I 52 & TSEB
il AL, DDA IRPIOMIN A /R (3% DL
B ITHADCENREE > e, BB IFIHFEE R, D~
L—RADERIKCTH D, SEBif =it d S7zoHIc
> TWEMEY—Y &< U, K4 VikPuFtticsEn

1255 2 AT S S M/ N0 — MOSFET A TS 7z,

(5] dL&hHiE

SEB A N A LDHERE TS/ & THYIRILO BN %
B/NBRICINZ, —#% /N0 — MOSFET & [6] % DA
P& RO 8 H e /XD — MOSFET A8, b L7z,
AR TIE 250V 0T AICDWTHBART2H, Z OFEA 4@ 1
L T100V, 130V, 200V, 500V 27 5 A D # 6 HR451b
LTWa,

5 2 i S E N/ XD — MOSFET [d R & v
LAXILOPEREEEBL TWD, 5B OMROFHHIICE
WL CWS T Ch Do

SETR

(1) Gover, J. E. Basic Radiation Effects in Electronics Tech-
nology. Colorado Springs, CO, Proc. 1984 IEEE NSREC Tu-
torial Short Course on Radiation Effects. July 22, 1984.

(2) Waskiewicz, A. E. et al. Burnout of Power MOSFET with

Heavy Ions of Californium-252. IEEE Trans. Nucl. Sci. Dec.
1986, volLNS-33, no.6, p.1710-1713.

(3) W LEZERED. FHHMOSFETD Y Y UL A XY h/N—Y
7k (SEB) D3IRILT/NA AT Zalb—Ta vy, BEAFE
BT NA A - AR ) 22 i W F 58 & ERFEDD-01-75,
SPC-01-80. 2001-10-25.

(4)  HH =R, AR JRRE « PR RS 45 592003-338624.

HE IEE

I —REARE T ORSE - ETICHES, BUE, &
LS 25 L R S AR T S AR R A
FRHEIEB T /N A AT o

LY =

INTD — BAR T NA ZADWFZE - BISSICHES, BIFE,
BN —ILT 1 > T AR S B AT
Jesn M FE T 5 N+ AF g & > & — 5o

2 s .

Al %

HEARBE DD BEICT « A0 U — MDY
U VREHCHER, BIE, WAL X5 AT
G BRSBTS o — 2
FERERAT R,
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Ultra-low IR Schottky barrier diode

Jb#t Sl Shoji Kitamura — /8 1E#} Masaki Ichinose R JF[I Masayoshi Nakazawa

AA vy FIBROAT - AL - SR - S EOERICH L, SHEZ 3y b+—/NU P& 14—k (SBD) D
INU P AL OMHEETDIRE T EEYHEUle, BATMICH U Ve OBINEWA DD, L= 1/I0LLFE L2100V, 120V,
150V, 200V DM I,.-SBD =~ U — X% [#3g L 7z SBD D441 Cd D B fERE D MR KIC L DEBED Y 2D
TR U T FATRIREL 175 CHRAEIC K U SiRBEEAL COLEFEEHEIRL, E— b2 OD/NEMLIC K S BIRO/NE - &
TEEEILICHEMR TS D,

In response to requests for switching power supplies that are smaller in size, have lower loss and higher efficiency and support high
temperature operation, we improved the types of barrier metals and the fabrication methods available for high-voltage Schottky barrier diodes
(SBD). We developed a 100V, 120V, 150V and 200V series of ultra-low I; SBDs that achieve an I of less than 1/10th that of conventional
SBDs while preventing an increase in Vi The risk of thermal runaway due to increased reverse loss during high temperature operation is a
weakness of SBDs, but this risk has been mitigated. Guaranteed operation at junction temperatures of up to 175 °C enables stable operation to
be achieved in high temperature environments, and miniaturization of the heatsink enables smaller size and higher density packaging to be

realized.

RN T SMMICH S, EBELN L - BT HEEG DR
BEEDWRICK D, BGERETOUEDETHEZ 1T TE <8
BRI EROOND LD ICH> TSz, DK D )i
DS, FREOIEARDBEERE DI L, R s AR D FEEPNH],
BB T COREBMIEANRD SN TNS,

WLEARTIE, ComMR - mimEpEERICAEDYE
100V, 120V, 150V, 200V [i}+ D#EK I,-SBD = U — X
(B1) ZRFELIEOTHMNT D,

0] FZAHE

FLAR, HERERBREEROmEF U EERIC, AT XL
F-—OHTHEE> TWd, —F, NVvaArHPISy b
INFIWT o AT LA, Kbit3#E, IDC (Internet Data
Center) B (Y —/N, MAEEEHEE (UPS)), @
2R EI, HEH, i T 2ETREIEE
FERE - SRR LON ST HEA, SRTIbDENICH D, <
NEBE TSR CHHIT DIy FYIRBICIE, BRAFR
DT S, mREALB - EEEEIERAL - N LI 2 45 &
W, HERIEGR - BIEIREEBR SR _ EDER DD S, EITZE

DEFRALD 12 (TARFH I AEAR T /N ZADBJE I, +— CNFETELEHTIE, 20~ 100V iHED SBD (K Vi
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FA5592 Series of EPA5.0—compliant Current Mode PWM-ICs

ip & Kokou Boku BH {82 Masanari Fujii AR 148 Hiroki Yamane
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A I&, EPALQ BUKITHIIG U, 750 V AZE)FET- O P, BEEA IR R B BURR R O e, IREMI / + X, fREEFERED T
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In recent years, requests for lower power consumption and for harmonic regulation have intensified for all electrical products. To meet
the United States Environmental Protection Agency’ s EPA5.0 standard, which became effective as of July 2009, it is necessary to improve the
light load performance of an IC in a power supply. Fuji Electric has been developing switching mode power supply control ICs. These ICs con-
tain an internal start-up element which is effective for reducing the power consumption. In this paper, we introduce Fuji Electric’s FA5592
series of current mode PWM-ICs that comply with the EPA5.0 standard. This series features an internal 750 V start-up element, improved fre-

quency-lowering performance when operating under light load conditions, lower EMI noise, and enhanced protection functions.
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Multi—-function Voltage Mode PWM Controller

{EiE  $L7T Kosuke Sato FLL =& Hiroshi Maruyama ZAH ESBER Yasuro Motoi
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Power supply units are requested to be smaller in size, consume less standby power, and provide higher efficiency and improved safety.
In response to such requests, Fuji Electric has developed an 8-pin voltage mode PWM controller, the main features of which include a maxi-
mum power supply voltage rating of 35V, a low standby power function, a control system power maintenance function for operation at light
loads, hiccup function at overload, and a constant current droop function. Because the current drooping characteristic can be obtained with a

few external parts, this IC can be used in power supplies for various applications, such as a power supply connected to batteries or other load

requiring a constant current characteristic.
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Low-noise Continuous Current Mode PFC-IC

2] % Jun Yabuzaki i3] %2 Ken Chin hi=1 {RBB Yasuaki Sakai
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With the widespread use of switching converters, harmonic currents have become a problem. As a countermeasure, PFC (Power Fac-
tor Collection) circuits are used widely. PFC circuits are strongly requested to be highly efficiency, have a small size, and recently, to have low
noise and a low cost. We have developed new continuous current mode PFC-ICs “FA5610/FA5611” that are housed in a SOP-8 small package
and achieve low-noise and high-efficiency operation through our propriety method for distributing switching frequency, and that incorporate
measures against noise at startup and during load fluctuations, and measures against output voltage drooping during load fluctuations to im-

prove the ease of use.
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Pressure Sensor for Exhaust System

HEFY T2 Katsuyuki Uematsu Her BEF Hiroko Tanaka B0EE 1&#3Z Hirofumi Kato

F By OHEH T A HMNE4E 2 iifb S, MR ORh3 b S IRPE T 2 LD DR ¢, 0 — IV T Y I i dul Bk

KADENRIBDOBERSEE > CWD, &, mEEEClEk, WAENEHNE U TERBENSGD CMOS JOt A kDT Y
Fv IYA TOPEARNEN VY EISHAL, BAEEWEE SOPT ARIEICH Z D 2HF5RIEIMRIBAE Y &R L
Tz BZE LTz > U I1d, DIN BIED SO, JTAERICH W Tk 25 5L OB EME=F> <Y, #irt el H &
T IEARFEBH A IC R L TWD,

Exhaust gas regulations for motor vehicles are becoming stricter year-after-year, and as internal combustion engines are being made
more efficient and their exhaust gas reduced, there is increased demand for pressure sensing in the exhaust systems of diesel engine vehicles.
Applying a single-chip semiconductor pressure sensor fabricated by a CMOS process, which has been successfully used for manifold pressure
measurement, Fuji Electric has developed an exhaust system pressure sensor capable of withstanding an exhaust gas environment containing
corrosive substances. The newly developed sensor, in a DIN standard SO, gas test, exhibited the ability to withstand corrosion that is more

than 2.5 times greater than that of conventional sensors, and is suitable for use in absolute pressure sensing and relative pressure sensing ap-

plications.
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Thermal Management Technology for IGBT Modules

FEFf B2 Yoshitaka Nishimura KEFH FE Mitsukane Oonota BFE SIZE Fumihiko Momose
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In power conversion systems that use IGBT modules, the thermal conductivity of the thermal compound utilized is as low as possible.
As a result, the compound thickness affects the IGBT chip temperature. This paper describes the effects of the hardness of components
and the ingredients of the compound on the spreading ability of the compound and the distribution of stress when tightening with screws.
Additionally, in consideration of the stress distribution, we have proposed a metal mask pattern for applying the compound as thinly as

possible. As a result, the compound can be applied at approximately 1/3rd the thickness of the conventional application technique.
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