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We applied the All-SiC (silicon carbide) module with new package structure to mega solar power conditioning sub-system (PCS), achiev-
ing 98.8% energy conversion efficiency and resulting in energy conservation. Key technologies are 3 dimensional wiring using Cu pins with
power board instead of conventional Al wiring and full-mold structure using the thermosetting epoxy resin. These technologies lead to small

package size, low inductance, and high reliability. We have optimized the package design to bring out the intrinsic performances of SiC device.
Resin flow analysis and its visualization methods are carried out to design molding process, resulting in the full mold structure with free air

void.
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1,700-V Withstand Voltage SiC Hybrid Module

IVIRZE I5 ONEZAWA, Takumi it 8] KITAMURA, Shoji g @E4CE SO, Akira

BLFIF—ICEHBNT 0 Y=Y HDO/NT =540 2L LT, BRELETHICINIT 72 1,700 V #)E SiC /N1 TUw RE
Ta— LT LTz, IGBT ICIE4 6 LD IGBT Fv &L, FWD IZIE SIC-SBD Fv T U7z, B @k,
1700 V/1,200A (2in1) T, HEEEH U LBEARERA A v F 2 TRMERITE U 12K Vg o HBEE D 2 RV EHE
D, BEAEALERIE, HERD Si T a —IUITH U CTHAEHID 18% i aFZH Uz, Fiz, 4 V=BT DFAEHLDI
BIZHWT, K Vg o BRI, R 1w F 2 TREEID &M W TEEBEALARIT R LU T 6% DK EFEIL L 7z,

Fuji Electric has developed a SiC hybrid module with a 1,700-V withstand voltage. It is designed for use in the traction market as a
power device that can be utilized in inverters that contribute to energy savings. This module is equipped with 6th-generation IGBT chips
and applies SiC-SBD chips to its FWDs. It has a product rating of 1,700 V/1,200A (2in1) and has 2 specifications: standard specifications that

make much of power dissipation, and low Vg . Specifications suitable for low switching frequencies. The standard specifications reduce loss
by 18% compared with conventional Si modules. Furthermore, the low Vg (. specifications achieve 6% loss reduction compared with the

standard specifications at low switching frequency condition.
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3,300-V Withstand Voltage SiC Hybrid Module Technology
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£F B KANEKO, Satoshi £H [BE2Z KANAIL Naoyuki P £5 TSUJI, Takashi

NO—T LU OZ O 2RICIE, BLRIVFALITMA MY - e b, SBJ ke & oMERgn EAE<KHHN T
Wo, BHERE, CNITEAD72H, 3300V IiE SIC/N1 T Uy REV —ILORMREEH#EL TWd, HFEPZER D<
FNO—TL Y OZI2AAY A5 L —2 a3y EHFETHIELEZ SIC-SBD Z#Md ©2 & T, BUTOSi EYa — L& LK
L, Z8EHRE 24% 1R L T7c, 7z, Sn-Sb RIFALEEHHT 2 &, WEHEEMHAR L CGlkiaifEiEs 25CH L
Ve, FEABLOBRBRIREGDOE D ETE/ND—FHEARETEIL, Ty b TUY Yo X% 30% Kk U 7.

There has been increasing demand for electronics to achieve not only energy savings, but also be more compact, lightweight and
improved performance such as high output. Fuji Electric is seeking to meet these demands by pursuing the development of a SiC hybrid
module with a 3,300 V withstand voltage. By adopting the SiC-SBDs that we developed in partnership with the joint research body Tsukuba
Power Electronics Constellation (TPEC), we have been able to reduce generated loss by 24% compared with current Si modules. In addi-
tion, we have also utilized Sn-Sb solder to ensure high reliability and have been able to improve continuous operation temperature by 25 °C.

Moreover, we made use of the reducing effect of generated loss to achieve improvements in power density while also reducing the footprint
size by approximately 30%.
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7th—Generation “X Series” IGBT Module

JIME Eth KAWABATA, Junya Bi# 3 MOMOSE, Fumihiko INEFE BE— ONOZAWA, Yuichi

IGBT € a2 —JLOWHICHW T, &R, AL, KIEKL, SEBEEEDMSKDHOHN TWVWDS, INBDOEKRIIEA D
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In recent years, the IGBT module market has been seeing increasing demand for compact modules with low loss and high reliability. In
order to meet these demands, we have developed the 7th-Generation “X Series” IGBT Module. By significantly reducing the loss of IGBT and
FWD chips and developing a package characterized by its high heat dissipation, high heat resistance and high reliability, we have reduced the
module’ s footprint by approximately 36% and power loss by approximately 10% and achieved long-term reliability. Furthermore, by enhanc-

ing its withstanding and characteristics during high-temperature operation, we increased the maximum temperature for continuous operation
to 175C , from the conventional temperature of 150 C. These enhancements have enabled the module to significantly increase output cur-
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rent, and this further increase the power density and miniaturizes the size of power converters.
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Fuji Electric has been developing small intelligent power modules (IPMs) that integrate into a single package the power devices and

control IC needed in the system construction of motor drives. We have now developed a 2nd-generation small IPM based on 7th-generation
IGBT technology to achieve even more energy savings. The module reduces the loss by 10% or more in the intermediate load region, such

as in the case of a 5.6 kW air conditioner, and by 20% or more in the rated and maximum load region compared with the lst-generation
module. In addition, temperature rise in the soldering on the circuit board has also been reduced by approximately 20°C compared with the
Ist-generation module. Overall, the module achieves enhanced energy savings, expands output current, and increase reliability during circuit

board mounting and a greater degree of freedom during system design.
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IPM A HVIC %t

HVIC Technology for IPM

P\ FEE JONISHI, Akihiro 7P 1EE AKAHANE, Masashi LUEE JFBE  YAMAJI, Masaharu

EED7— bk R =+ /NIC CTd s HVIC (High Voltage Integrated Circuit) I&, IPM (Intelligent Power Module) O
ERBILEEBAITDZF TN 2AD—DTh D, BELEREIE, /A - FER IPM A ICERERE - /N - BEEEENME T
DEEEM 600V /1,200 V PRFE HVIC Bfi & BHFE U /e, BB EIERA L, o5 GICERIERAOFE / « Xifa L X)L 7 b bl
B O ITEI D, 20% OF v TH 1 /b EBIHTES S S EFEE FFICEB Uz, &7e, L7 — A IGBT Dk -
388 T 1 OD PRt ] B e AfT S K OB E A 5 D L NIV D VB FE 8L U Tz,

A high voltage integrated circuit (HVIC), which is a gate driver IC with a high breakdown voltage, is one of the key devices required in
enhancing the functionality of intelligent power modules (IPMs). Fuji Electric has developed HVIC technology characterized by its advanced
functionality, compactness, high reliability, and guaranteed industrial use at 600 V/1,200 V for small- and medium-capacity IPM. By reducing

the circuit area and adopting high breakdown voltage technology and enhanced noise resistant level-shift circuit technology, we have reduced
the chip size by 20% while improving the breakdown voltage and reliability. In addition, we have achieved over-current and over-heat protec-
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tion circuit technology for upper-arm IGBT, as well as level-down functionality for alarm signals.
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3rd—Generation Direct Liquid Cooling Power Module for Automotive Applications
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Fuji Electric has developed a 3rd-generation direct liquid cooling power module for hybrid and electric vehicles. The power module has
a rated capacity of 750 V/800 A, which is designed for motor capacity of 100 kW. The market for automotive application based power modules
has been requiring increased efficiency and module miniaturization. To meet these demands, we have improved exothermicity by adopting a

water jacket for integrating the cooling fins and cover while also increasing the reliability of the solder, thus enabling the module to achieve
continuous operation at 175 C. Furthermore, we have miniaturized the power module by adopting an RC-IGBT that integrates IGBT and
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Packaging Technology of 3rd—Generation Power Module for Automotive Applications
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The development and popularization of hybrid and electric vehicles has been accelerating in recent years. These new vehicles demand
miniaturized, light-weight and higher-output power module in order to improve fuel efficiency. Fuji Electric has developed high heat dissipat-
ing cooling unit for direct water-cooled structures, an ultrasonic bonding technology for electrodes and copper terminal, and new long-life
solder that applies both precipitation strengthening and solid-solution strengthening. By applying these technologies, the 3rd-generation power
modules for automotive applications that utilize RC-IGBT dies achieve greater reliability, about 30% smaller footprint and thinner structure
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RC-IGBT for Automotive Applications

FHHE Z=— YOSHIDA, Soichi B[] BEE NOGUCHI, Seiji B 3L MUKAI Koji

M ERIRBEALR 1 70 & D BRBIRFEDO B DD, CO, HFHE AN T D72/ T U v REDBEREBHEOW K HHEA T
WD, INHOHEBHE CIE, BTN LD ICHERABERFZEFDRIBIALS L o Y NX—=5 D/ LR H N TWD,
EL#EEE, CNICSATIGBT & FWD & 1 Fv J{b L7z RC-IGBT O# LAt TWD, 4Sll, #HifH RC-IGBT IC
FWVWT, FLYFH— NHEBREORKEL, 7 —IVRZA Ny TREOER#EL, 0 791 LAHBOREILOEKRETT> 7z, T
nick ), HEROBERRA RC-IGBT % U 72& 12l X To 2 N— Y EIERF D38 E L E 5 20% KR U 7z,

The number of hybrid electric vehicles and electric vehicles in use on the road has been increasing as a measure to reduce CO, emis-
sions in order to protect the environment from phenomena such as global warming. In order to improve fuel efficiency for these types of
vehicles, they need to reduce loss in mounted semiconductor devices, while also decreasing the size of the inverter. To meet these needs, Fuji
Electric has been working to develop an RC-IGBT that integrates an IGBT and FWD into one chip. Moreover, we have optimized trench gate
spacing, a field stop layer and lifetime control for the RC-IGBT for automotive applications. As a result, the inverter achieves an about 20%
reduction in generated loss during the operation compared to using conventional RC-IGBTs for automotive applications.
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Relative Pressure Sensor for Automobile Fuel Tanks

HNEE 1#3SZ KATO, Hirofumi BB {ZZF ASHINO, Kimihiro {EEE ZR5 SATO, Eisuke

ALAE, HEEICIFEBEAMT DR Em S RO A ND LD ICEY, —flE L T, KETIFRHENOMRB A ZBILSN T
WD, BEEREE, SALBREZBIL T U > S TRAME 217 D KA LEHER IR E ORI LT, TYIvIb—
LNODORECE ITERHL U A 12 & & DGR B HH RS > VI I > B w5 Uiz, 8 6 N >80
Heptr & X — 212, ZALBREAN DD 10 F, fH#EREGE DI EdS K O EMC (Electromagnetic Compatibility : 7% 371D
DL EATD C & T, IHAEDOMER & SRR am s S Bz,

In recent years, there has been increasing regulation to reduce the environmental burden of automobiles. One example of such regula-
tion is the requirement to detect fuel leaks in the United States. Fuji Electric has developed a relative pressure sensor for automobile fuel
tanks capable of being directly mounted to a pipe inside the engine room. The sensor is used for controlling vaporized fuel exhaust suppres-

sion devices that recover vaporized fuel to incinerate it in the cylinder. Based on our 6th-generation compact pressure sensor technology,
we have successfully improved resistance to vaporized fuel, enhanced protective functions and reinforced EMC to both ensure durability and

achieve high-precision detection.
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PWM Power Supply Control IC “FA8B00 Series” Capable of handling Peak loads

WA T MATSUMOTO, Shinji LLHE  {#1E YAMANE, Hiroki BRIE i YABUZAKI, Jun
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In recent years, the notebook computer and inkjet printer market requires increasing the maximum output power for new CPUs and
motor drive loads. To meet these requirements, Fuji Electric has developed the “FA8B00 Series” of pulse width modulation (PWM) power
supply control IC capable of handling Peak loads. This IC can increase the switching frequency up to 130 kHz in accordance with rise in
FB terminal voltage, allowing it to increase the maximum output power of a power supply without increasing the volume of a transformer.

Furthermore, the IC comes equipped with an expansion function for switching frequency jitter that enables it to achieve low EMI noise
characteristics even against varying loads.
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£ 2 it {Kigk SU-MOSFET 'Super Jd MOS S2 =
—X]

2nd-Generation Low-Loss SU-MOSFET “Super J MOS S2 Series”

JEE  JEAR WATANABE, Sota IRE YA SAKATA, Toshiaki LT “FFE YAMASHITA, Chiho

TRIVF—ERREMICHH T oI, WHEBRERICELD VS T DEMFMADROEINTESY, NS ICHER
&N %/8T— MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor) [T I3, /N CTEIEL - K/ « XD
HRHENTWD, & LTS, FAHE TR ILSN A VIR, - A BRI L, DDOY—Y AT Ay FU TR
EgEY—YATAA Y FUIRD Vg U—TJD b L— RATREEESE U, KEETHELD I WL 2 £t KHE% ST-
MOSFET [Super ] MOS S2 U —X ) =5 Ulc. ARBEMITI 2 ET, BHEBERORRA LB TS5,

In order to use energy efficiently, there has been increasing demand for enhanced efficiency in power conversion equipment, and power
metal-oxide-semiconductor field-effect transistors (MOSFETSs) that are equipped with it have been required to be compact, low loss and low

noise. Fuji Electric has developed the easy-to-use 2nd-generation low-loss S]-MOSFET “Super ] MOS S2 Series” that reduces on-resistance
R,,A, which is standardized by unit area, and improves the trade-off characteristic between turn-off switching loss E.; and the Vg surge at
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turn-off switching. The adoption of this product is expected to improve the efficiency of power conversion equipment.
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=R A U— K IGBT THigh-Speed W U —X

High-Speed Discrete IGBT “High—-Speed W-Series”

= ZE{Z HARA, Yukihito

AEE Eth NAITO, Tatsuya BNEE HEBE KATO, Yoshiharu

M= EEEEE (UPS) DREBEHBEBH/SD—TO>5 1«2 aF (PCS) ITHWVWTIL, BIOLEHMRANEE LR T D
2, HFHITDAA Y FUITFIINA AT U THERBRIEDRO 5N TWD, &7e, MDA YNNI EBEEICH N T
&, HBEOCERYICT DO, T D7 /N1 ACIFEERERAA Y FU IO CRBIAE Ch s LRk END, BFEL,
Mg b Ulem#E s « A2 U — b IGBT (Insulated Gate Bipolar Transistor) &, iHHEEBIC BT DHFERROEMK, 7+ —IL
R~y TREOR#E{EEEICEKY, FERMITXTL T650V 5 TR 10%, 1,200V i CHI 19% DORIRRAIL A ZR U 7z,

Since power conversion efficiency is an important factor for uninterruptible power systems (UPSs) and power conditioning sub-systems
(PCSs) for photovoltaic power generation, switching devices used in the equipment are required to reduce the power loss. For compact
inverter welding machines, utilized devices are required to have low-loss characteristics and high-speed switching to make conveyance easier.

The high-speed discrete insulated-gate bipolar transistor (IGBT) that we have developed and released reduces parasitic capacitance in active
parts and optimizes the field stop layer, thereby achieving a 10% reduction in loss for 650 V products and a 19% reduction in loss for 1,200 V
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products when compared to the previous product.
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B CIE, RIKRO/NEL - BRRALD 26, AR EHRD
HAEEOEWR S Y AT/hS<TDHEDRHENTWD,
DT, AA v F I EBEE A SEBEALT DR DA
HE> TWd, —# I, 50kHz L EDJREE T « 2
21— K IGBT D RAA v F > Ia&4TD EHEO T IR
TN TWs,

E5IZ, 5kVA 2 52D UPS 5K 85kVA 75 2D
WO VN—YICBITDF « A0 U — ~ IGBT D%k
SRR ERT . HIREHRD D5, IGBT DAA v F >
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EET « AT U— K IGBT MHigh—Speed W & U—X

FARAIU—KIGBT
EFAER

ASIERERE PFCEE NPCA/\—%
[EEE

3 UPSICHBIFDTrRAIU—KIGBT EAHI
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4 PCSI[CBIFDTRAIU— K IGBT DiEASI

100 t. (FWD)
90 | Ve (FWD)
80| E.; (IGBT) —
70}
& so}
E.. (IGBT
£ 50} ( )
pis
%H 40|
30}
20} V., (IGBT) —
10}
0
5 kVA UPS 8.5 kVA Ak

5 F4RXUYU—KIGBT ODEEDHHER (. = 40kH2)

K EL+E DEIE1E UPS THI 50%, E#HFE TR 60% &
HWHTWD, &7z, IGBT O Y EBEHEKE V,, IFWwInt
F140% CThD, O END, BHAT Y F Y TEMEIC
FURIESZL T « 2 ) — b IGBT &8 d 7z,

Ver can Eog DML —RATESHEL, KA1 v F Y IH
KERV, M7 IEDELNEECH D, FFICEHMHIE,

ERE P D S DD EmBEfbiIc b TE s LD 1T, K
EgFEICESEZBEVNTWD, Fiz, FWD IZSWTLEE

WAL &E LT, DN UBIROREESHEE U,
[4] THigh-Speed W ¥ U—X1 D45

5 4 A2 U — K~IGBT I&, IGBT ¥ v & FWD F v
Ta&1 DD\ —JICHEB LTz /N1 A Th D, IGBT,
FWD Fv JOZENETNORHFIC DOV TKRICIHEXR D,

4.1 650V %5l IGBT F v J D45

ft 3k i @ THigh-Speed V.3 U — X | @ E K EBIE &
600V T oz, G, BEVY—IVaffrLicWhEWnD
TGERIZIN A D IcHEEBIE A 650V & U7z,

6 IC, 650V IGBT Fv JOWiHifLa R . HEkih
&, EYa2—ILHDV > U—ZIGBT & X— AIZ Vg cwn
B DRL— KA D ESET DR CdH o le. TAISH L
C High-Speed W > U — X Cl&k, FAEHEZE KIEICERK
SRS E D0 — LR A by T (FS) gDk,
IR—ILDIEAEIRI T DAL U8, RO#EILEE L
Uy Vg can —Eor D b L — R D %3 d 2 ket & 5
TZITHL) AN e,

712, 600V & /50A IGBT F v T D Vg can —For 55
PE%7Rd, High-Speed W = U — X ClZ, FekihlcxL T

n~RUZNE

nT J4—)LK
AbwvIE
I

ptaLosE

Loy

(a) High-Speed W ¥ U—X] (b) #Ek&Em

6 IGBT F v JOUEEE

5 15
(@]
L
0
Toof )
by RER
9>
E <O
=Q ol
wi,y 08k High-Speed W & U—X
>k
ggd
S &
Ly o . , A )
o L
S 1.0 1.2 1.4 1.6 1.8 2.0
VCE (sat) (V)
=25 A, Vee=15V, T=125C

7 B00V X% /50A IGBT Fw FD Vee wan ~Eor 41
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BEET 4 AT U—KIGBT MHigh—Speed W ¥ U—X

Ver ao DAL IR/NRICIIZ DD, By @iy 48% Hif L
TWd,

4.2 650V R5I FWD Fv JOD4F#

PEFRMHD FWD IFFEEH A1 v F > JIT b U 2l <o
%, High-Speed W > U —X<Cl&, T®FWD A&X—XIC
RUDNEDES TR#fbd 22 & T, KU /U RS
PEaAEFEL T F 3, 650V BRFED FWD & U7z,

4.3 1,200V %75 IGBT F v J D454
Rk @ 650 V %41 IGBT F v J & [ AR 5 & 47 Ly,

1200V ZHNTIlE, EHEIBICH T D5FEFEOMIK, L
DY RFICE T DIR—ILDFEADIHE], DL E %
17> 7z. B8 I1Z, 1200V/40A IGBT D4 — > 7 T IE
%Zmd, High-Speed W >~ U — XTIk, ¥— >4 JTK:D
F—IVEREKRIRICHEHZEL, Exs @ RRITERL 72, B9
IZ, Vg o —Eop %2R d . High-Speed W > 1) — X T
[F, En & 40% KL TWS,

4.4 1,200V %3 FWD Fv 7045
High-Speed W = U —X® FWD I&, H3k5 & [FEE I
DR U EH > FWD 2L T\,

V=600V, I=20 A, Vee=+15/—0V,R,=100Q, T=1256TC

| Vee : 10 V/div | Vee 1 10 V/div

. Ve : 200 V/div

. Ve : 200 V/div

Ic : B A/div
't : 200 ns/div

(b) HERE
(1,200 V/40 A)

: Ic : 5 A/div
|t : 200 ns/div

(a) High-Speed W ¥ U—X]
(1,200V/40 A)

8 1.200V/40A GBT O%— 7 TiKkHz

s 20
7
@ 15} ek
+
I
8
g
é i 1ol \'0\
o High-Speed W U —X
s
Wi —
“Los
S
gc
©°
Ly o . , A )
S 1.0 1.2 1.4 1.6 1.8 2.0
Vee say (V)
=20 A, Vee=15V, T=125 C

(6] THigh-Speed W ¥ U—X D&ERAZIR

B10 &EEI11IC, 5kW HiJ1 D UPS & 41 % L 72 5 4
HEOZIaL—YaviERERT, Ay FYIH
W IF 40kHz O 7L T U v Al PWM (Pulse Width
Modulation) Zf#HL TWD,

10 M 600V %D IGBT <&, High-Speed W = U —
L, ek EWANT A =2 ILIEEHH 10% KK T 5
CEBRRAFND, Fiz, B11 01,200V % IGBT T,
#19% OIIALH A RAFEN D, WINDIEAERKICS
WTH, F30% 2 HHTWVWDE @RSz &
B, =Y IHHIROERICKE<FLH L TWD,

B12 12, 85kVA U T A DEHEREIZ 600V 5% D IGBT
AU TZBED TN AME DRl R a R d . —
(R CI, EECRFEARRE O VE) < SVAHME & U COmfE
ik D1z, WMED EAMEHLVNS W IGBT Héim < TR
NTWd, @5 IR LIEELDIC, HEEEICH W TIRIESRS
KD 60% % Ey ICEDHEDEDH TWD, TDResh, #E
ik UKIEIC B &R S E 7z High-Speed W & U — X
DFARRIFRE <, T/ ZADME EFAGDRER LU
5T (F20%) E<HWAANTWVWD, T Dz, High-
Speed W = U — Xk, FERG K U A3 B 0D L e 4 IRy

40
1,=25 A, f,=50 Hz, f.=40 kHz, P-=1.0, Modulation=1.0
sol ¥ 10% S8 1, ZEWBS'/;E
Ve (FWD)
S E.¢ (IGBT) —
ﬁ 20}
H E., (IGBT)
[N
10}
V., (IGBT) —
0

High-Speed W ¥ U —X ERm

10 600V X% /50AIGBT OiEXRY=alb— 3y

40
I;=12.5 A, £,=50 Hz, f.=40 kHz, P=1.0, Modulation=1.0
30} N wdories T TTTT
s t, (FWD)
2 e
K 20} Ve (FWD)
_I]m
fiﬁ Es (IGBT) —
10 i ED" (IGBT) -
V., (IGBT) —F
0
High-Speed W U —X HERE

9 1,200V/40A IGBT D Ve o ~Eur 151

11 1,200V %/25A IGBT DiEk>Y=ab—v 3y
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EET « AT U— K IGBT MHigh—Speed W & U—X
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8.5 kVA USAEK &Rk =50%

o e25F
:, lfm 20% &
5 20}
G

1 L
u 5
g
X 10}
z
ik 5}

0

650 V/40 A 600 V/35 A
High-Speed W & U —X R

12 600V X% IGBT E#OBERO T\ DREFHEZR

EREDEDNTREL S T2,

(6] HEHE

ARETIE, 650V & 1200V OE#ET «+ A2 — ~ IGBT
'High-Speed W >~ — X | OMZEEZDEHRIREICTDOWN
Tk Tz, AR#GIF, UPS, PCS, HH#fEE TR EL
T3 LD, A1 v F > JEIHD PFC (Power Factor
Correction) [HF%-DORESERELR 0] 1 70 &I B A < @ H D8] g
Thd,

SRS OEDIMIBIALELES, THOIRITIE A D8

MERHEL WS ZET, AT RILF AL, EHEBROD
BEAL, FEEO/NE - BERALICHKL COW<SHIFETH 5.

SEHR
(1) FEBZANED. EHET « AU — RGBT MHigh-Speed V
> — X &R 2010, vol.83, no.6, p.393-397.

= E—

F o A — RPEEARST N ADBISE - iETITHE
Ho BUE, B LEREASHET /8 AFER
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ik Eth
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B LRSS T 5N AT AR R B S
WRT N A ABHSEER o
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PEIWIT7Z7RXAEILFS TFM-AT 14,

Amorphous MOLTRA “FM-AT14”

pis3ul S& % WATANABE, Kenji

MBI LR L AW R IC, ZEBERMICS WV TIEHE
FEODNEEAGELE > CBY, BTRILF— (BITX)
HOEHVWEBELSEED Z— X EE> TWD, BE, ERN
1349 260 T EDEIEREHEZRESENRESN TS Y,
BLEAERCE OIS, B ak, FHRER ek
CRHI DL, TRILF—IHIOBRITH 165 1 kWh/
y (CO, #55 TH 62 5 kgCOy) EWS B AAEICHED,
L7ehi> T, IROEWEEFNDERAIFIKSHEAT
ERREDLLEDIT EICHED, E—IVREERITEWNWT
&, TTRIVF—DHHOEHILEICH I D% (BT
R DFFERELE LU T4 FENDE RNy TT >
J— I DA SN

ELEKIE, 201346 HIC Thy IV F—EILRS
2014 % HiAH 10 ~ 500kVA, =Hl 20 ~ 2000kVA O 5
A2 P TTHIFE LTz, PERDBICI X TEERDIE
RS 40% IR L, FE R by Ty — A e
Sz, &BIT, 20156 HIZIFE Ry T F—
e D H LA (2K U C 130% DR & 7557 B
T AEIET IFM-AT14) &%5E U7 (B 1), A
T, ZBIEEHOHOHMEHICRHULIZEZEIL D 7 AH548D
Hif & FM-ATI4 ICDOW Tk XS,

Ol ZEIT 7 AEEDFHY

FM-ATI14 2, ZEZHDOHOHEE U THERDITIME

1 TFM-AT14,

¢ R LR SR A > 0 S I T TR

BRI ICRATPENL D7 AFEERMA LEZ, ZEIL
Ty AL HEEERT OB ER 2 IC, FHEER
BICRd, PEIN T 7 ZALIFERHMODEHR LY, PE
WD 7 A543, BF ORI ICECH] S LTSRS g C
F7x<, ARAFIRBOFFEFBLUIZOLDThd, EE
wDIRKRICIE, BMICRRA < IAI DEmAMNH G
SFUOBMEKRD 2 F(TIHA L TIHAET DHME G
Ndd, PEILT 7 AE5E&IE, MAMBOKSHHER
DAY AL EMERBRENS <A DN
MEROEM CTHY, IThEFWVWEERTEAMNEE
FIEFITNS<IAD I ENTE D,
COEDIBEHEMEREODFPEIL I 7 AHFETHDIH, &
JE 2 DM BRI 2856 1&, RO RANDX) 5

' B FEIWIT7RERE

Pl ol A=t i

£l

RFET
THRAI GEfESR FRAIN (W&
—EXFUIRIERIN —ERXFUIRIBRK
0.025mm 0.23~0.35mm
= —BERBRN —EE(CHFILT

BERIEAX
2 TEIT 7 AEEETSEMEERITE DR

2
1F
2 FEITFRES
% 0
i F R
el
=1 |
_2 L 1
—80 —40 0 40 80
Bt (A/m)

3 FEIT 7 AEEEFOIEERMTORE

QED SR Ey ToYF— Ik by TSV IR R
Wi HE 3R . JIS C 4306 U 6KV € — L K ZIER CHL
EEND.

QE2> SERA by T5 Y > — R R I DI T L
FWRE (W) ICH T BRI A N E IR,
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FPEIWLT7RAEILES TFM-AT 144

S IO TG &I 9 2 3E & ik I 2 2D
bd,

2] TFM-AT14) OWE

21 B

(&) by TITYF—TFILET 2014 ITH L TR A
1/3 IR L Tz,

(b) B okby ISy —dL#EDBEMKICH LT
130% DERF L IxDE TR AFEH Uz,

() BFRBICASVWTEBICEEMARML, M
FAPED B WE—IU R & EFZB Uz,

(d) BWHEERMEAEFEH L, IEC 60076-11 DXL E A
s Uz,

(e) JEM-TR 252 #HrDEN el B A I L Iz,

2.2 = #
K 1ICFM-ATI4 OHEERT .

2.3 BUFLOFEIME

FEIVT 7 AE4E, HFIavEEREH A &) D SRR
TEMEL, Bd CENTTIMHREELDE L., ZDies,
FPEIWT 7 AH5E&E > 72 FM-AT14 &, J5mM:E#EH
WaEMolbhy ISV —TILE T 2014 KU BERLOEK
MOKRSL< BB, Fie, WEL T MBI D 1/10 T
B UBEMEWTEY, BIEHROIKLLE L THZSE DH
HEEOTRHALETCHD, BIZ, PEILT 7 AHEIC
WHDMED KRS S OOAIC & > TEF DRI IC EEE
ERIFSIEWE DI, WIPEDILMEEZEL & Lo
TROLETHD.

TN TIEREAEZESRE L CREBNICHESIND
Jz8, BANR—2{bEEEI 2LEHND D, FM-ATI4 (&,
BREBMEDNE DN KELBHHEVEDIC, BIHIA
DIERICE > TEEOBEMICHIE Uz, UL, &Sk
TN DIERNEFIPEN O EGEBDE T O E A=/ <.

SWOBIEICSTz> T, TNHDOREEKRITR I A
KICK UL, b ERIZL T,

(a) HRPEANDEBEZE LUIZ7TIL D 7 AHEDME

J7E D #AL
(b) THEMEAEZE L ZEEREROMVED ML

=1 [FM-AT14] DOtk

7,000 100
FM-AT14
hvIS2F—
6.000 NS 2014 29
o
5,000 | o o8
a o
S 4,000 | 97 ©
S FM-AT14 S
= ! by TSTF— Ly
& 3,000 | EILAZ 2014 96 =
2,000 | 95
1,000 | 94
0 93
O 10 20 30 40 50 60 70 80 90100
aEE (%)

®4 MFM-AT14) & ThyISYF—EIL RS 20145 O
1% - 2

(¢)  ZEJEAR DI WML TT 15
fi 388 70 W A R & v B 3 0D

B] EERDEBEREBEDEE

FM-AT14 & bw 5> F—FILE T 2014 ITHBWT,
AR AZS Y TEBELETRAIBE U S LER 4
IC/Rd e FM-ATI4 I, IREAMHE TOR)ROFICEN T
Wd, ULH L, BWEREANE< 52D E FM-ATI (FAFED
KESBREDNEWEZHIC, AMHESAEHRELICKRESLE
BL, by TS5 F—TILET 2014 DFHEIFICSWVWT
BERLICN. D,

T, B, YavbErIJE—ILEEICH T DMHE
TR ETORERFTIFSHEIETTHD, LichH> T, EJE
POME EFROBEEICY 2> Tk, BHAM O
BRSO RREOMEKL, WY AL ERERRL D
RlHrIRIF—-EDA NI ATEH I D EHITET
HBd.

BELEEIE, FM-ATI4AE by TS5V —TILE S
2014 DT> FPy TaWRDES5A, A—VITHR#EFEEIL
r SR TETDMBE TR TWD,

— —
SohFE
E B o FEFoi A
201546 H
=R I = i\
RS 50, 60 (Hz)
~= | B0, 75, 100, 150, | 75, 100, 150, 200,
TSR 200, 300 (kVA) 300, 500 (kVA) BEIVLEDEE
—— R6600-F6300-6000 (V) (H1B50kVADFH) B LEAR A
F6750-R6600-F6450-F6300-6150 (V) FEM S T SRR TR T A BT R S
— - i
TREBE 210-105 (V) 210, 420, 440 (V) AE (0436) 42-8130
fitFh s 5 2 F
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Circuit Protector “CP30F Series”

sTAT ESE* EMURA Takeshi

Y—Fv b TOF UYL, BEMNOREAR#ET S/
HOBETAREREE, 27y FELU TOREA U
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B R OJEBEERF O & EBICE R AR TWD,
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U= wHFELZ (B1). Af<CIlE, CP30F U —
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] BFEDIAEL
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2] HmOLHS

2 ICHREOWEHL /R, TR MIFKROLESY
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AUT, Zatamiuiz.
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U, BRI DAESEMEDN ) E Uz,

(d) EANEwHNATH—EOY —+y hTO57 08T
HIETETDLDICTT D728, FHEEEW - I IS
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JOF 089 O4EREE, SR EEDEBDERICKS TS
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WTEBBREER CEDEDIC U, £z, B4 ITRT
FOIZ, WMTFRUDIMINAL — A - IN—=THEWL, F{FH

CP30F¥YU—X CP-FYU—X (1K) CP30FYU—X CP_(?FEZEIi%_)X

B 1,2.3
STIE 17.5X73%66 17.5X92.6%x65 RUZEDS — ©

(W X it X< B297) (mm) (mm) R_LZENT — O
EiHFAEIE RU7 v TiEsE fal RUZEEmTFEEDED — O
FEifRFHIN— T—2 - HIN—ICHEE BIFE EERFEHFRICEDED O O
EAEER 0.1 ~30A RUZERmDHD @) @]
S EREE ADCCEGSSO\)/ AI:?CE;OO\Y FiHFHIN—ZFFD — (@)
EhERFIE iR, PR, BRRF
TS E 2.5kA
BT RUHT
w53/ \— =8 AIFE

e
(b) fEskamm

(a) [CP30F ¥yU—X]

IHFRa U

B

ATV

3 RU7vTEIE

/

mFRU
(3TEBD)

IHFAR
(FTEED)

4 IP20 #&
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s71 ™XU-X, IGBT EYa—Ib

7th—Generation “X Series” IGBT Module

JIMA  iBEth * KAWABATA, Junya

B XE! MOMOSE, Fumihiko

INEFE BB— & ONOZAWA, Yuichi

FAE, TRIVF—HEROIMICHED TRILF—EIH
DG, CO, PEM DI K D BRI BE AL D ik HF
WHRGICERAGMELE A > TWD, TDKDMEH, B
¥, RA&E, BEE, AT RIVF-—LGEDS FTIEH LS
BTN — 8BRS N A% W T2 T A 218 0D
WIEDNS THY, ZZICIEIGBT (Insulated Gate Bipolar
Transistor) £ a — LA EICHWSNTWDS, EIIEH
HEDGHDSIBHEDERDIZHICIFE, FiEo/N L (O
AR DY) PEREAL R, SEBEMEDAT]
KChd,

BLEECEENERERDOS S D/NEML - BRI
1t - BEFEALZEBR I DI2HIC, FilchF v TS
FONRNY T —THEME#EH U8 7 A TX 22U — X
IGBT ¥ a— @z Ll (A1), XU —XIGBT
T3 —JLCIlE, IGBT & FWD (Free Wheeling Diode)
DF v TD/NEE - RIEERILD AL DT, EimEER IS
(5 Rl P Y T R L R S <] M s CA Rl e N D =
fEMED M EeEBE IR, /Ny o — IO REME, ik
D RITEFEEOR LIk Y, IGBT OBt ER: D i
WEE Ty, & 25 6 AL TV 2 — X IGBT EYV a2 — L&Y
H22BTCTHWIBTCIlICH Eatiz,

1 g7 X2YU—-X, IGBTEYa—Ib

* ELEARR ST /N AR RIS €Y 0 — v
TR

BTSRRI AR 7 57 S AW TR HEAE S 2 —IL
BAgEz> 8 — Sy r— T BRSE TR

F E L ERMR RS BT 5 N APZEARTRBH S G T N AP S

*%

O] % ®

IGBT <2 —JLO/IEAL - &AL E T,,=175°C D5
HIckU, B2ICRd LIV IY—ZIGBT €Y1 —
VI CHERDHK 35% #hmL, BHEHEMEED S
5755 E/ND —EHEA LI LD/ bE T REIC U 72,

1.1 IGBT €Y a—JLDINEHE - {EIBKILE

X 21— ZXIGBT ¥ a1 —Jli&, IGBT & FWD DiKiH
JAb, mEH /Ny o — I Db & s R b IC &
U, Sox/ML - RIS L& ER U Tz,

BlELT, EP2 8w o —T % U7z 1,200V - 75 A 22

200

VYU—XEP3 (75A)

XYyU—X EP2

LAY ekt ik (75A)
e !
o !
@180 ="="="7 ' [V,=s00v
# I |f=50Hz
E | |fc=8kHz
5] H cosp=0.9
2125 i ' |zm==10
. | T.=40C
| #9 35% M ;| wmEmay/de=10kv/us
100 .| : L ;
35 45 55 65 75 85

AV I\—F =R (A)

2 AVI\—FHNERE IGBT EFERE

V=600V, [,=85A, fo=50Hz, fc=4/8kHz, cos¢=0.9,
ZHEE=1.0, T,=40C, ®E{Edv/dt=10kV/us
100 140
115TC 4120
80} 105C o
° 92C 69W 1100 &
s 85T 62W ) <
S 0} , - %g
K 43W P, rZAL leo &
£ aof P -
@ Pon @
Pos 190 @
20}
Poat 420
o} 0
fo=AkHz fo=8kHz | fo=4kHz fo=8kHz
X YU—ZEP2 (75A)| VYU—ZXEP3 (75A)

3 EEEGIOENIEKRLE IGBT EERE

2015-S09-1

ELTERFEIR 2015 vol.88 no.4

305 (75)

IpE I

sen
ado

=



-~

ESBINEA I

E7HE T™XU—-Xy IGBT EVa—Ib

®1 F7HK XYU—-X IGBT €®Ia1—-ILDSAV7vT

o iz EARRR
W= eI WxD (mm) 650 VESHR 1,200 VEERS 1,700 VEAS S
Small PIM1 33.8x48 10, 15, 20, 30 A 10, 15A -
Small PIM2 56.7%x48 50A 25, 35A -
EconoPIM*2 P 45%x107.5 50, 75, 100 A 35, 50, 75A -
EconoPIM3 B2x 122 100, 150A 75,100, 150 A -
EconoPACK* Bin1 62x122 - 100, 150, 200 A -
34x94 100, 150, 200 A 100, 150, 200 A 75. 100, 150 A
45%x92 300, 400 A 200, 300 A -
Std. 2in1
2in1 62x108 400, 600A 300, 400, 450, 600 A 150, 200, 300, 400 A
80x110 600 A 450, 600 A 300, 400 A
Dual XT 62x 150 - 300, 450, 600, 800 A 300, 450, 600, 800 A
EconoPACK-+ 6in1 150% 162 - 300, 450, 600 A 300, 450 A
PrimePACK*2 _ 89x172 - 600, 900, 1,200 A 650, 1,200 A
PrimePACK3 it 89x250 - 1,400, 1,800 A 1,000, 1,400, 1,800 A

* EconoPIM, EconoPACK, PrimePACK : Infineon Technologies AG DREHZEF 1z (3 EiRiE1E

BEFHICOWTHRNRD, VU —XIGBT EYa1—ILD

BARBHREMKIFS0A Tho7znt, XU —XIGBT € 1.3 BHESAVTPvT

>3 — Ui, IGBT & FWD OIRIBZALE /Sy o — T D RKRICXZU—-—XIGBT €EVa—ILDTA >V FPv T%&
WEALIC K> TF Y T Xa/ L, [FW—/\y o — R

JTT5A FTCHAR Uz, W UBEHREH CIlLikd D&, ¢
KIFEPI/NNv o —TJ &L TWied &5 TEP2/\y
T—JICEIWABDEICES> T, Ty b TUYNER

2] BREFDHEIM

36% ik U 7z, B 3 12 @ % E izl D FE )0 & IGBT ##
GREORKEERT, VU —ZXIGBT EY 1 —JLICk
N, BHEEITH 10%, FEEREIEI0CHERTL, N
1t &ARIRIAL A T BRI 73> T2

1.2 T,=175COxEIR

X3 U—XIGBT €Y1 — L ClE, BUEHREFRD S
Sx2EmM I ERILETREE I 2726, SimBhERE DL
PEDI R, 5 I/ o — 2 Ol #PE D5 IE S % 1 L
ST ET, Ty, AHERD 150 CHD 175 CITHl LU Tz,

2.1 IGBT & FWD DiEiE%k(t

IGBT € ¥ a2 — )=/ LT 7211, IGBT &
FWD D% KIRICIEK L TF v TH o X &/ d 5
CEDBRTRTH D, IGBT & FWD DA VEBEHEE A1 v
FYIBEROMEBERT bL— RA JIEEER 4 ITRT,
B 7HAIGBT (FRY T NEO#EAL, o IR —
NMEEDIREILIC K > TAHYVEEE KIBICEKT D& &
BT, T T—HFROEKIRICE > TY— > THEE KR
Lz

Frz, HETHARFWDIZHEWTCH, KU T KEOHAL

H—F TR 1 V=600V, [(=100A, Vee=+15/—15V,
LIS -ISYHEEBE | J=V VU —XEEEBRBE ., V=t 15V

140
_1eor . % 6 % IGBT
< R J
S oo} ~
i ..
K 80F ~.
R . &7 18 1IGBT
1§’
I 40}
N
2o}
(T=150C 1,200V/100A Z4&F v 7)
O L L L L
1.2 14 1.6 1.8 20 22
Loy -T=ySRHEE (V)
(a) IGBT

WEEIEK | V=600V, Ve=+15/—15V, ¥E{E dv/dt=10kV/us
IESEBE  Ji=V &0 — XEHBRERE , Vom0V
80
70} R %5 6 X FWD
~
_eo} e
S °.
350 ..
& “or %7 #EFWD e
W 30|
b
Bl ool
10 | .
(T=150TC 1,200V/100A EEF v )
O L L L L
1.5 1.6 1.7 1.8 1.9 2.0
ESEBE (V)
(b) FWD

4 bL—RATEE

E1TE#IEER 2015 vol.88 no.4

306 (76)

2015-S09-2



E7HE ™XYU—Xy IGBT €V a—Ib

(T &k DMETT B DRI A T, PEFEvUP S+ « ZIViIE) OERT ES YU 31— 2L 0 WD
ALY bO—ILOKRBALICK > T, #HEIEIEED KT ThHhd, XU—XIGBT €V a2 —IL<TlE, FvJ
WEHDOEMBEREEEER LIz, TDXDHKIEL FOPINZZOLDAVET Y TFIFARZDOMEDES
BEEEREAG EICKY, F7HMADIGBT & FWD I&F v FiEEREBELL, AT, /ND—U A1 DILERNAV U —X
T A ZD/NRLEFEH LTz, IGBT E¥a — WICHANTH 2H5m LU (Th.=175T,
AT=50C). Fiz, HERD> ) A— > IVIE175C DB
2.2 BEME®D AIN $ERENR 5T CIERAL L DT <, DILHZEIT TR e ML T 9
Fv TH A XGOS K D/IND —BED L5 S5CENHE ChoTz, FFELIEIY -V 5IlIF, #M
(&, IGBT #&1MED LA PEEREr TR d, CO# A RE L C175 CRE T oM LAk L, RNk
Mk d Dz, FEEROH LW AIN (BILrIL= FfPERE AR U7, SNDDOHHEUTICEk > T, X 2 U—
ZOL) MR AR Uz, AIN EERBOttS Iy ZLIGBT TV a2 — Tl T,=175 CH gL m Y, &5
JAELELTELABNTHY, X ¥ U—~XIGBT EYV 21— x5 EEHEELE B U T,
IWTIFEMEEED S a5 E KK L& 23]
UZzo BIZE U 72 AIN MG IEM L, BT v U 2ADBEK FFohFHA
FEORBELUICEUMIFREEZN LBl & T, kK 2015 4 8 A S NEKY > IV
D AIN HfFFERICIE X TRIBICHES Ll Lick D, # 2016 4F 4 F 1S MK = o

ABRL AU, WREY 1 DIV & ORI IC 1 1 U 72,
Flz, BIRPLBR 45% Kk U, ABALICHE D IGBT O

GIED ER-E WD BE AR Uz, BREALSDH B
BB At
2.3 SEE - SmEY\ysr— B A TR TR A 1 3
T,,=175C DEBIC G /= > CHREEBDDH, A~ ik (03) 5435-7152

L ZADO#RE U ICH T D/ r— T DFdy (AT, /80—

(20154 11 H 27 H Web 236)

2015-S09-3 ELTERFEIR 2015 vol.88 no.4

307 (77)

ESEOEE A I

-~



qE - R I

B%5E (RS T TCEIFHEEE)

APF Annual Performance Factor

BSD Boot—Strap—Diode

DPF Diesel Particulate Filter T —BIVRL i T < LY
EGR Exhaust Gas Recirculation PR TG BR

EMC Electromagnetic Compatibility R ALTA S

EMI Electromagnetic Interference TR kg

EV Electric Vehicle GRSl /A

FEM Finite Element Method FBREE

FWD Free Wheeling Diode

HEV Hybrid Electric Vehicle NA Ty REE)E
HVIC High Voltage Integrated Circuit

HVJT High Voltage Junction Termination o T i A

IE Injection Enhanced AR A

IGBT Insulated Gate Bipolar Transistor fifa s — RN R—S T vI A4
1P International Protection

IPM Intelligent Power Module

LDMOSFET Laterally Diffused MOSFET

LVIC Low Voltage Integrated Circuit

MOSFET Metal-Oxide—Semiconductor Field—Effect Transistor

OoBD On-Board Diagnostics

OCP Over Current Protection 202 7 e Pt

PCS Power Conditioning Sub—system ND—Av 55+« at
PFC Power Factor Correction VAL e

PiN P-intrinsic-N

PWM Pulse Width Modulation AN
RC-IGBT Reverse—Conducting IGBT WEGE IGBT

SBD Schottky Barrier Diode

SEM Scanning Electron Microscopy e T B R
SPM Suspended Particulate Matter RES 1y AR S N7/ N

UPS Uninterruptible Power System (SR RS

BT EREHR 2015 vol.88 no.4

308 (78)



EiR (FSICEREH U IcETBIEXXEREHER)

EconoPACK Infineon Technologies AG D RHAE 3k 7z [ 5 Sk a1
EconoPIM Infineon Technologies AG D FEHE 3 7z 13 B SR s
PrimePACK Infineon Technologies AG D P 3k 7z | X B SRk R A

ZOftD=R, HEBF, TZNZNOEHOBERCFEREECTH D,

ETiE . EX-E#SER. 2015, vol.88, no.1, p.81.
E1TEEER. 2015, vol.88, no.3, p.216, p.219, p.222, p.224, p.227.

(IE) Z7v&—ICiHE (BR) JvHy—ICEEHRN

no.l, p.81. (2015 4E 3 H 20 H Web 23B8)

no.3, p.216. (201544 H 10 H Web 25D

no.3, p.219. (20154F 4 A 24 H Web 2B

no.3, p.222. (20154F 4 H 24 H Web 245D

no.3, p.224. (20154F 7 H 21 H Web 2B

no.3, p.227. (20154F9 H 18 H Web 2B

£TIE | E1E#I%R. 2015, vol.88, no.3, p.176.
(IE) I\ TJUw R ZERO : [THat+ itk

(ER) /\rJUwv RZERO :

[e—%

i)

HHCE—F, BREABRL

FEAEHE+ it

12 12
HHCE—R, BREARR<S

2 1.0 - —— - mm e ~

] ]

@ 0.8 @

# b

tk 0.6 &

¥ &

B o B

i EfERE -+t :

% o2l % o2l
0 _ 0

e )\ JUvYRZERO TERHE

I\ TUYRZERO

11 #EREEE TI\«1JUw R ZERO) DHEES B 11

£TIE | E1E#IRER. 2015, vol.88, no.3, p.185.

(IE) —EREHERE (FR) —EBEHER

kS T\ JUw K ZERO1 DHEEEN

HNTBEY
O avFUY
Hmx HOEYY

NBEEY
O avFUY
Hmx HOEYY

EVHA
b O

V7 AERAER

o |[0
EVL L—7
ey »
s
7

V7 AERAER

EEEE .

| :.
EVL L—3
»

'
|
|jAm—Z
'
|
'

S s s A a
B10 #HEmRE ©10 #HEEHE

ELTERFEIR 2015 vol.88 no.4

309 (79)

EEs - R I



Fo=t&

EFBFEXAT

HE-HHRA1VT35

RBICPSULWRBISY FEIRIVF-—NIRIX Y MERESE,

AR—hIZ2=F A DRRICERLET .
HEISVbH

NTT - HER - KDFEBRRIE, [RFOEERKSS, KEHHEBI T L,

AR

HBEVRAT L
IRIVF—IRIAY NIRRT L, BABE, AV—hA—5—
HRIEHR

BRI T L

25 S G
EEDTFOSKITEDERRIC, £EESAY - AV TSERMBICED
D "EIRME TSATTA I —ER) ZERHELET,

=

IR, ERERRN

BB 2T Ly

EERIRSA TYRT L, M - FEFEE, TBTRILF—Y
RIXYNYRT L, F—HEYI—, S U—I— LB
STRIGIEIS 25 I

T5Y MY RT L, BHIIYRT L. BEHREIRY 2T L
BETE

B - EERH LS

JND I L#%zgs
ITRIVF—DHFRIEPLELICESITLH/INT—T LT bOZT i
AREERHEUET,

RS4T

AVI\—=% - —iR, E—%, BV (BXE#EHE) X7 L, X

AT A

NT—=BTS5A
REBBRES, /(O—JYFrva)
=8

ZHCEE - HlfERES

BFT/INAX
EERE BB - BREESSOFIRLF—HBIROEE
IRO—HBHEF U E T DBF T/ A RERELFT .

FEIK

JXO—EE, B

T4 ATEBEK

T4 ROk

B
AREITEDT I, %7 NOZ OB T ZBE L, BBRICH
EER@EY U 1—Y 3V EREHUET,

SER

BRK) - ELTREERHE

[ &R

BYAT L, Ya—U—X, BEKSS

Crs7r
E1TEKEIR £89% F15
5% HERREEXIDVIal—yaviEghERRTYrY

H
&l

BREBTERER
FANE IS RA
W 2R
Y ik i Wk M - YR AT
AVH & R I J5EE A B
iR W§E EH B A B ®T RS
v Rz ki F
ok &R OWBHE IR

E O B S B A\ G

E
S
m
&
4

7 2 = H
B
bl
m
bt

=)
b
I

y

[LIE NP YN [y (3

ELEER $£88%8 545

SPRG27 4R 12 H 20 H O ERI PR 27 4R 12 30 H 58T

LTSS ok /NI NS R 6

& AT 9 WSS Bl BHEARE
T 141-0032 HCRCHREHTIXRIE— T H 11 % 2 %
—=h>F Rl —=A 5D —)

MR R B WEA T A& T TY— B AN

FE bR, =

T 191-8502 HHTHE H B i & il 1 it
ik (042) 585—6965

FAX (042) 585—6539

Rt A — Ltk

T 101-8460 HECH TACH XA HSHNT =T H 1 fH
G (03) 3233-0641

PRI T 6-20018

¥ 98 It

756 1 CARAK 700 P - KD

* ARGEICBIR SN WD e, AFIHSDOFP—I+ AL TR URL CHMH CE &Ed,
HhEMAEH () http//www.fujielectric.co.jp/about/company/contents_02_03.html
FUJI ELECTRIC REVIEW (3%3)  http://www.fujielectric.com/company/tech/contents3.html

FARGEICRBMSN TODRHAB L CRMAIE, TNTNOXADPIAE I 2 F 2 F B CTh o E Db U Fd .

© 2015 Fuji Electric Co., Ltd., Printed in Japan (&SRl

310 (80)



E1+EIEER vol.88 201527 ) #BRk

m B ND—T Lo hO=2 X Hse

[#?%l:%t*’(] /\"j*ll/? FD:GR’F&%%(D#?%IZ%EL—C ............................................................... ]ohannW.Kolar 3
[(BUREJRE] N —T L RO ZRESED IR E TR oo K 1ER 7
All-SIiC B2 1 — LD A HTY— S —H PCS TPVI1000 AJ-3/1000 ----------+- K ML miE I R R 13
dekimi 3 L ARJL#E KA E = UPS T7000HX-T3U | ceeeererrrenceenceceances G KA HHE —F fEitE T 18
A 200V R AZE R UPS T6000DX S/ 1) — T | wreeerrerenreesuemieiniiiiiae, FIH OHEE Ak Hil Wik M= 22
20— VLSO« > /3—% TFRENIC-HVAC/AQUA ¥ U —X |

FTERENIC-ACE S/ 1) — L | weeeeenetentetatetattatiitatattataitatateetataeateatanaans N T v = 5 R 2 27
SIC/N\A T Uw REZ a2 —ILEHFKL 1z 690V RH1+ > /X—%

FFRENIC_VG ]g v g B IJ f]"J ...................................................... ﬁ:ﬁ% ﬂ]ﬂ f%*ﬁ 'f% ﬁ*j ﬂ]ﬁ 32
HWELEEONY TSV F—E—%

—TIU S P LT 2 ) OHRMEIRET—— oooeeeee s G dEL B MSC SIS RIAL 36
B A e e I P T P P PP FHEE R I FEE 41
SREHM /ST — T L SO =2 ZRESED /N « SRR AL e eeerrrrrrrreer e IR R PEIE 59 46
SRSEHTT K P ORI & AT+ ATREVEHR -+ ooeoeemeeeesereeess MEESERRS  FWS BHE FRE %M 50
b K T BT L S BB T IT) 1 R I Al B f v vv v ee e e 2 n GIN &7 g wA Wk 56
PEIE B K BRI T 2 B HE R TR Rl v everrrrrrrrerer e B i) MR —= W 62
NO—TLI ROZD ABEBRD Y S 2 L2 3 Sl WA e EF @ H0 3 es
INTO—T L RO AR D [E PR HEALTE T v oeverererrrereerereeeeeen, G GIA Eh Ok B A 74
=]

WAz 4x, ND—FNA ADBREIGME, XD — TN ADFEAES, TP, SIL, 3 L ANIVETJZEHTTI oo 76
HBBET Y
AT B PERE > /X2 R B A > JX— 47 TFERENIC-ACE | orerererereresesesesstsetett ettt ttet et atatteaaes 79

35
7>
as
as
@22

@n

(32)

(36)
4D
46
50
(56)
62>
(66
7D

(76

79

LEE %% 2014 FEORHMRERE

[FEICHFE T “BR, BT RIVF—FOEHIC KD, L4 - 20 T RE A& OFEBUTEMR” - Jeis g 86
Ry ak) “ND— P8k O —T Lo hOZ v A%w#IC, xv bO—201k,
B LD E & D HELH” ——ToT, M2M HDUEFEDZ LD DL UDKREH — -+ # k— L Eth 88

DREEEE) “BOIYR—RXY hEDAPICUIETRILVF =YD 21— 3 DOFPE” oo L El o 96
A G e SRR T T T TR D 102
S AT L ORIy - TS OFAETRT RV — - WIRE DIREEM DR e 110
ﬁ:/ﬁ\,r VA D;éﬁ CHEE [T XRILF—VRIAY B D*i/ﬁ\f)%i% ..................................................................... 114
F%%’]’ VA DE%‘\/?\?L\ Dﬁgﬁgj’;y ~ Dﬁg;ﬁgﬁi—(ﬁuﬁ%%& ........................................................................... 120
NOT USRS CEE > A5 A EEY A5 A Ok A5 LA DIZECHE - B - SIS O 2 R — R b 133
BT TINA 2 (ST — P [IRIEAR (55 AT e eeeeeenrrrneeee e e e e e ettt e 140
ﬁ%(ﬁﬁ Dgibﬁ}iﬁ'ﬁ% DE %ﬁ D(ﬁﬁ?\/l?L\ ............................................................................................. 145

Eﬂ% . %%j{,ﬂ\‘i D%ﬂg&ﬁﬁ— D%fﬁ*ﬁ%j— ............................................................................................................ 148

2>

4>
a2
as)
(26)
30
(36)
49
(56)
6D
(GZY)




L =g

\ el 155 BmiibEdsidkiiesO0—/\IbY Ua—ay

[ﬁilz%\?‘dfj ﬁ&ﬁﬁ}iﬂ@@%@/\@/ﬁﬂfé‘r .................................................................................... Kk O5 161 (3)
(BUR &R AT RO A BEAN & 0 — LY U 2 — 2 3 S DBUREJEZE woveeeesessssesssmssssesss BA il 162 (4
T UGG A DIV D CO: tlit e — FRY TR EBIIRTERE -eeeeees R Lk HEE RE 168 A0
tffggéjj ZERO Eﬁbﬁ&ﬁ% F/\,( j"l) W H ZEROJ ........................................................................... EI:H E 173 (15)
KT AR HAN )Y TR EBIBTERE TFTXL0 -eeveereessesseeseeseeneeneeiiees BEBD SN BB Ms— PN EE 178 (0
1%7%3 Veas r})l/ R4 j’ D—BOXJ ................................................... lgéj%‘g,ﬁa:j;lg Eﬁ %'ﬁ: Q%‘;]:ﬁix j( 182 (24)
{ N FEBRIETRD K U DTS 3 — /7 — Roreeremssssssmssissnnns A BRI Rz B s 187 2
BTN Rl = 11y I W D= = [ o A AN T PP IE ik A 23 191 3
B B FERE D 27 11— /N L 30] e B i H B oo W BE ey u% i BB 196 (38)
IEC BUKAHIE T 5 2T 010 R FIBIRTEHE TTwistar | oeeeeeeeseseesessesesenesenes B G AR MR BN B 200 4
20— JIVKHE AL WG EEE TFGC 2 U — A TFGB /U — X ereeeeeeseeees K it HE s B 6t 205 (4n
BT ETREREE 1SS U T2 0 — 2N U B B e O U F AT -+ eveeeeemeeem e MiE Ik 210 G2
R
e e 214 (56)
EBIBITERL
BAEES KRy b D — D OFMEMEZEBR U2 T O U5V TILFORE TMONITOUCH V9 Advanced | ««-www-weeeeeeeeseeeeeeeees 215 (57
O IV AL VA — RIBEEFIFIIET TPXIE S/ 1) — L | eeeeeeenene ettt ettt ettt e e 217 (59)
TEC BB A 72KV A A 0 T o 7 ettt ettt ettt ettt ettt ettt ettt eaatteaneaaanes 220 (62)
by PSSy F R LIt P—RE—% TMGX 2 U—X

TMHX U —Z | ETL—FTF =4 TIMEKS /1 — L | eeeereretntnatattttt ettt ettt ettt teaataas 223 (65)
WG A TE T AINEE R UPS TUXIO0 S/ 1) — L Jeeeenretnenetet ittt ettt ettt ettt et ettt et aeas 225 (67)
LT B TRLF—TRIRXY NCERT B/ (D845
[iﬁ—%lz%?‘é?] tﬂ%%i%@:b\(_&’ %ﬁ\ﬂ%ﬁ%&&c& ..................................................................... FHEZK @7\ 233 (3)
[}ﬁ){kt@%] /\0'7*5'5’%11;0)},@3“(&@% ................................................ En},{ﬁ Ej“;u gng ﬁlé);; i;ﬁ ﬁ& 234 (4)
All-SIC B a0 —JL D) S A — TFEJRF oeverernernrenmemmemiiiiiiiians Mkt Tt T TEY FF-FHILEL 241 (1D
1,700 V IHE SIC /NA T U w RIET G — 0 cevrerreeceseetiitiiniiitiiitiiiiiieiien. IR G Jetd  FEH] B WA E 245 (15)
3300V IHIE SiC /NA T 1w RED 1 — JUHR wooerereesessssesssesisissisiis &¥ HER 4 w2z it 5 249 (19)
g,’_g 7 ﬁ[:{—t Xy fj\"J IGBT T3V —Jl sevrrrrreeennnnnneeeteeeeeeaiiiinteeeeeaeannnns JH (E;jm B Y}?ﬁ /J\ﬁ($%~ 254 (24)
B O AR /INZEER TP ocvvrevcnscersenstnntuiiittuiittuititiistatiitistasestscesemes AR B E i NI % 259 (29)
IPM H] HVIC FEAT  ceeereeeeeetee e VE BHE P OIERE I FFE 264 (34)
ﬁiﬁ}:ﬁgﬁ 3 ﬁfhﬁ'jﬁ%zk(—%ﬂ/\"j*ff/l YL e e }%ﬂ %'37\ rim| %; NI %’—%ﬁ 269 (39)
BURA L 3 HAR/ND — B 2 — DIy T — THERG e MERE ORI MR IE #Hor 274 (0
HEFR RC-TGBT coveeeeeeereeneeententanttatattittetaitiittattateantettateantaaneannens HH O£ L5 | w3 BAE 279 (49)
HFHIREL 9 > I TERRI R A S e g e =T fEifE 23s 283 (53)
E— 2 SR RHE PWM B IC TFASBO0 3/ U — Z jeeeeseeeesessessesesseens WA WS MBS BN A 287 6D
45 2 AL L4 ST-MOSFET [Super J MOS $2 3/ U — A weveevevevencnncnns PS8 FEK 3 W T THE 292 (62)
BT« 22U — 1 IGBT High-Speed W /1) — | coeeeeesnesmennennennenn B S PuE El O hEE HhES 296 (66)
FEERIRTTER
FEIVT 7 ATIU T TIEMEATIA | wereereeesesnseetenet ettt ettt et ettt st ettt tteataeatasass 301 (71D
H—F W h TTOT A TCP30F S/ 1 — L | eeeeeeetntananantntttttt ettt ettt et a ettt et atttatatatatetatatatanas 303 (73)

H5 7 AT TX /1) — ) IGBT TE U 2L — L weeeeeeennenentt ettt et e ettt et ettt e e ettt et ettt et et atetatatananns 305 (75)




BMEOND—IULI bOZIAEMEMEOREMZEHE U, EXEHO/N\D—F8K, SME - KEE1t.
EEER(E. NBBEE/\y F—ILZEDTVDIDF—T /N1 RIE. XBEAFKE. RORELEDI Y-V
IRILF—DF. EXRPRECKOOSNDEIXRIVF—RF. \1TUy RAH— - BREFELV O KEDE
T T RATIHZACTERELCVWE T, T5IC, #iFM SiC ZHA L. KD EMREIERIE/\D —EFZHFE.
ELXEHE. CNHOSHBIXRILF—HEMZEHL. B2 - RO THRABRTHZORRICERULTVEE T,

FHL<IIZWebT--- | ELEHYEk ol

ETEHGARE T141-0032 BREBBSR/NXKIFE1-11-2(5— T 1 KiF1—ZX N7 —) TEL.03-5435-7156



ELERER 88 45 (BB 888) 20154 12 ] 30 HEAT

Innovating Energy Technology

e 3 —_—

KRR DB,

Ty

ERAIRXNF—RMOEHROERICEY.
IxNF—2RONBHICHATESIRMZEVEHL.
RE- RO THEREASORRICTHULET .

FINL REER NI—=IL7bOzy A5

WHRET 70 IGBT/N7—3i8k X7 J)—Z—MmIEPCS
(NI—avF13F)

NI—IVLI7MAZJREEH NIT—ILIPAZJARM TR BREEEER
LA UPS (REBERRE) NMTVIFE—PEYT
BERTCH

KPS A M LT E 5, HEEO—R 07797-12 Effi 756 M (&% 700 H)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
>
    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <FEFF753b97624e0a3067306e8868793a3001307e305f306f96fb5b5030e130fc30eb308430a430f330bf30fc30cd30c330c87d4c7531306790014fe13059308b305f3081306e002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b9069305730663044307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200036002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines false
        /GradientResolution 150
        /LineArtTextResolution 300
        /PresetName <FFFE5B004E4FE389CF50A65E5D00>
        /PresetSelector /LowResolution
        /RasterVectorBalance 0.750000
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


