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1,700V Withstand Voltage SiC Hybrid Module

INFA  FREfE KOBAYASHI Kunio Jbdt Bl KITAMURA Shoiji ZE FOEE ADACHI Kazuya

Si TN AZEEDY, Ttk S SRR R R a FE o 72 SiC TN A, HEOERHRA DML EEB TS5 DL L
THYE#HIN WS, BEEEECIE, BmahEEa > /X—4 690V %) HIFIZ 1,700V fiHED SiC /N« TUw REZ 2 —ILD
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BICEWT, FEROD SIEY 2 —IVITHANXTIRAEHEKER 26% KR TS D C L&l U,

In place of Si devices, silicon carbide devices (SiC devices) featuring heat resistance and high breakdown field tolerance are raising
expectations for efficiency improvement and miniaturization of equipment. Fuji Electric is moving ahead with the development of a 1,700 V
withstand voltage SiC hybrid module for high-efficiency inverters (690 V series). A SiC-SBD chip jointly developed with the National Institute
of Advanced Industrial Science and Technology has been applied to a freewheeling diode (FWD), and a Fuji Electric’s “V-Series” IGBT chip

has been applied to an insulated gate bipolar transistor (IGBT). By improving leakage current and switching characteristics, the module has
been verified to be capable of reducing generated loss by approximately 26% in a 300A product compared to the conventional Si modules.
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Ultra—Compact, High—Reliability All-SiC Module

HE #8—EBA HINATA Yuichiro @R ES HORIO Masafumi

{hEF @A NAKANO Hayato

SiC /81 A&k, i, K4E%, SAEREES J O mREEE ZB T BN /N1 AEE R > T\ S, BEEERD
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SiC devices have excellent characteristics that realize high blocking voltage, low power dissipation, high-frequency operation and high-
temperature operation. Fuji Electric’s all-SiC modules feature direct bonding layout for semiconductors and a plastic molding structure.
Compared with the conventional product, All-SiC modules have achieved a reduction of 50% in footprint, 75% in inductance and approximately
35% in switching loss. Moreover, for using high power drives, switching was demonstrated to be available even if four modules are connected
in parallel. All-SiC modules were verified to have higher reliability in high temperature and humidity, in addition to power cycling, than the
conventional products.
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New Assembly Technologies for Tinax=175°C Continuous Operation Guaranty of IGBT Module
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In order to meet the needs for miniaturization and cost reduction of inverters, IGBT modules are required to offer higher power density

than ever. Fuji Electric has developed a new aluminum wire, solder alloy and surface electrode protection layer to improve the continuous
operating temperature of an IGBT module from the conventional 150°C to 175°C, thereby realizing higher power density. A power cycle life-
time has been more than doubled compared with the conventional products in all temperature ranges, and thus 20% improvement of inverter

maximum output can be expected.
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High—Power IGBT Modules for 3-Level Power Converters

PR 13&3&F CHEN Shuangching NIl HBE OGAWA Syogo & HHER 1SO Akira
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Recently, renewable energy has been attracting attention and, photovoltaic and wind power generation markets are growing rapidly in
particular. In these fields, low- and medium-power IGBT modules are often connected in parallel to realize high power converters; but this will
cause high surge voltage due to wiring inductance. Fuji Electric is developing one package for high-power IGBT modules for 3-level power

converters. Improvement for power conversion efficiency and miniaturization of equipment can be expected. It has also realized a laminated
structure for the main terminal bus bar to reduced internal inductance.
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Packaging Technology of IPMs for Hybrid Vehicles

[6n)=z] B MOROZUMI Akira

IBRIE LB GOHARA Hiromichi E=H 872 ARAI Hirohisa

NA Ty RABEOBNEFIHIT S>> YT Y /XD —ET a2 —J)U (IPM : Intelligent Power Module) &, #R%
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EHafickY), €EYa—IbEPILIZ_DLE— b2y DML UTeEBRGEEEEBLUTe, A8amIE, 7ERO B
W3 1T He X TR DORTE 30%, BT 60% OHRE, HMICE RSN D @EFEMEEER L, EEZMBLT.

Intelligent power modules (IPMs) control the power of hybrid vehicles. IPMs are needed to be downsized and lightweight due to the
request for fuel efficiency and comfort. To achieve these requirements, Fuji Electric has developed a high-capacity IPM for hybrid vehicle inte-
grated buck-boost converter and two inverters. This time, we have developed cooling design technology and high-strength solder technology,

which realize a direct liquid cooling module with an integrated aluminum heat sink. This product has achieved a product volume reduction
of 30% and mass reduction of 60% compared with the conventional indirect cooling structures and high reliability required for vehicles. The
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mass production of the product has already begun.
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IGBT Modules with Pre-Applied TIM

% HEfEE 1SO Akira HiE $— YOSHIWATARI Shinichi

IGBT €2 — LA T DHES, IGBT EY 1 —IHBIET IHRERDHITEET S2HIC, BT« > & IGBT €
Ta—ILOMICY—VILT) =2 &G T D, COY—VILT YU =A% IGBT U TS5+ P—ICKDDBEHEE A TWL
5., NI ADIEHIC, J1—XF 1 >I%9+ D TIM (Thermal Interface Material) & W7z X—22 ~ IGBT €
Ja—ILERFE Uz, SRA LU TIM (&, RO 3L EORMEMEREEFED & EBIT, 45 THTE THIREL, ENBITF O
JECIFEMFAL T DD Tk hICEN TWD, CNICk D, BEVEEEETN: (M—VYILVYRIAYR) Zn LS8/ IGBT €
Ta—)LEFEIR LI,

When an IGBT module is mounted, thermal grease is applied between the cooling fin and the IGBT module to promptly transfer the heat
generated from the IGBT module. An increasing number of customers are requiring IGBT suppliers to perform this thermal grease applica-
tion. To meet this requirement, Fuji Electric has developed a family of IGBT modules with pre-applied thermal interface material (TIM) of
phase change type. The adopted TIM features a high heat dissipation performance that is three times or better than that of the conventional
products, and is liquefied at around 45°C and solidified below that temperature, thus offering ease of transportation. This has realized IGBT

modules with improved heat dissipation properties and reliability (thermal management).
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“Chapter 6 Cooling Design”.
(3) WA FHEZIFED. IGBTEY 1 —ILDY —VILY XTI A M
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2nd Generation LLC Current Resonant Control IC, “FA6AOON Series”

i3 2 CHEN Jian LUEE BIE YAMADAYA Masayuki il  18{H SHIROYAMA Hironobu

LLC BumREIRIE, VINRA Yy F VYT, 72— 7 50% DG, V——I T2 ARMELEWVWDRHFEDD
U, 24y FyIJBBFEOENEA, K 0 X4k, SAMLICHEL WD, B-LEHIE, 1o LLC Bt L3RG IC
IFAS760N | DFFBAEMAK L DD, & 575 DINERHETE LD IR %%%ﬁ%b#%2ﬁﬁ@rFMm%N\U—lj%ﬁ
FEUTe, BN REI DB DHITH 2 HHIE L DS, R TR TRAGEED kA AR ERRE T &K U Tc, WE
TR TR IR R 2/ T I 2 2 &R Ch D,

LLC current resonant power supply, which is characterized by soft switching, resonance control with a duty ratio of 50% and leakage
transformer structure, is suitable for efficiency improvement, noise reduction and profile lowering in switching power supply. Fuji Electric
has developed the 2nd generation “FA6AOON Series,” which inherits the characteristics of the 1st generation LLC current resonant control
IC, “FA5760N,” and is enhanced with lower standby power and improved protective functions. It integrates the world’ s first high-precision
secondary side over-load protection function while further reducing the standby power by approximately 20%. For the over-current protec-
tion function, the delay time can be externally adjusted..
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One-Chip Linear Control IPS, “F5106H”

==] 11| ¥ NAKAGAWA Sho F3I E=E]  OE Takatoshi =& EHS IWAMOTO Motomitsu
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In the field of vehicle electrical components, the increasing demands for miniaturization, reliability improvement and functional enhance-
ment are required. To meet these demands, Fuji Electric has developed one-chip linear control intelligent power switch (IPS), “F5106H,” which
mounts a high-precision current detection amplifier on the conventional IPS. Applied with 4th generation IPS device and process technology, it
can be integrated into one chip and mounted in a SOP-8 package. In addition, the maximum rating of the junction temperature has been set to

175°C to improve the durability in a harsh temperature environment, and low power operation voltage can be allowed down to 45V.
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