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Power Semiconductor Devices - Driving
Technology for Power Conversion Systems
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Dr. Engineering, President ECPE (European Center for Power Electronics)
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Power Electronics is the key technology to control
the flow of electrical energy along the whole chain
from generation, transmission and distribution up to
various types of consumers, and to do so with great
precision, extremely fast dynamic control, high ef-
ficiency, and high-power density on all power conver-
sion stages. Furthermore, this technology is an enabler
for the grid integration of renewable energy sources
and E-Mobility and provide significant contributions to
the key issues of improved energy efficiency, reduced
consumption of materials as well as the sustainable
energy supply based on renewables.

Sustainability and Global Warming

Power electronics is a cross-sectional and ubiquitous
field as it covers many disciplines including mate-
rial science, semiconductor physics, assembly and
interconnection technologies, circuit topologies and
control, in all applications dealing with electric energy.
Today we know that changes in all energy sectors are
needed, and that renewables-based electrification is
the major step towards greenhouse gas reduction and
climate change mitigation.

Mobility is key for global growth and societal wealth.
As such, mobility is undergoing a transformation from
fossil fuel mobility to sustainable and environmentally
friendly electric mobility. In addition, electrification
allows the rise of new mobility concepts such as drones
and high-speed transportation like the hyperloop
concept. In general power electronics for electric
vehicles have progressed well with transitioning from
Silicon based switching devices to SiC and GaN switch-
ing devices. Integration of the electric motor and the
inverter is seen as a key development to achieve better
integration and standardization. Challenges here are
new active or hybrid EMC filter technologies to reduce
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size, weight, and costs.

Trucks and busses share the same roads as cars, but
energy and power demands are higher, and the opera-
tion time is much longer. Power electronics is therefore
designed to deal with higher lifetime requirements.

From all transportation systems, railway is the
most experienced electrification so far. Trains and
infrastructure are expected to last decades and as such
power electronics must offer high reliability and long
lifetime. The need for very high-speed trains is grow-
ing resulting in the development and implementation
of MAGLEYV trains and Hyperloop vehicles.

Emissions and noise from aircrafts must be reduced
by 2040 and electrification will undoubtedly help in
achieving these targets. In these application, semicon-
ductors like SiC and GaN are needed and for the future
even ultra-wide bandgap semiconductors (UWBG) will
give an additional benefit.

Generally speaking, a lot of innovation towards
smart converters using benefits from I 4.0 and Al will
dominate power electronics in all fields of mobility
and energy supply application. Sustainability is getting
more in focus for all developments in the future.

Power semiconductor devices

The performance of active and passive power devices
has always been a limiting but enabling factor for
power electronics.

Silicon (Si) devices have been the workhorses of
power electronics and will remain for the next decades.
The low voltage MOSFET, the super junction MOSFET,
the IGBT and thyristor-based devices have reached a
level of maturity that ground-breaking innovations are
not to be expected.

Two decades ago, the first silicon carbide (SiC)
Schottky diode became commercially available, and
one decade ago, the first SiC MOSFETs appeared on
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the market. In the meantime, SiC devices have reached
a considerable market share and made the step out of
the high-end niche into the mainstream, with the e-
mobility and renewable energy technologies. Today the
voltage range is covering from 650V up to 6.5kV and
further development like the super junction MOSFET
and the FinFET are attracting more and more attention.

Lateral gallium nitride (GaN) devices with voltage
ratings up to 650 V are now established. There is cur-
rently a strong focus for consumer electronics but also
for power supplies in ICT and data centres. All these
applications take benefit from the low parasitic capaci-
tances and the low gate charge. GaN-based converter
circuits can operate at higher switching frequencies
with still high efficiency and their volume and weight
can be reduced significantly. Monolithic integration
is an important advantage in lateral GaN technol-
ogy. Vertical GaN transistors are recently considered
for voltage ratings > 1,000 V and for higher current
capabilities. The next step will be ultra-wide bandgap
semiconductors (UWBG) made of Ga,0,, AlGaN, AIN
or diamond crystals.

Power Electronics capability in Japan

Historically, Japan has a strong position in power
electronics, on the technology side with power devices
and on the application side with industry, renewable
energy technologies and traction drives.

Japan industry is covering the whole value-added
chain starting with materials, substrates, wafers, power
devices, and converters covering a variety of applica-
tions.

From the very beginning of Power Electronics Fuji
Electric is playing a key role, and in many cases, cre-
ates trend setting technologies. This issue provides an
excellent example of the current technology available
towards the future trends.
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Package Technology for Achieving Higher Power Density in IGBT Modules for xEVs

{ki& 18T SATO, Yushi Z23E F7—EB ADACHI, Shinichiro B§B &3l HIGASHI, Nobuhiro

HEV S Tld. RERRAAPEHEIROFE S U THEHBELN RSN TUWD, EFHED 1 VN8 [ZERIND /N0 —
EYa—IVIE DB ERYL, S b e R o EEENEEADN RO SIND, BELE KT CNSOHHERCHNL
TERMNY TS 2O/ O XEV IS IGBT €Y a—J)U TM6771 Z=BF U Tz, EENEEITEWEINYT 2 B IAFE
LUDARLRAIZHLT, U—RTL—LRBEFY TOVHEHLICEAYT DI & T/HEITHEEOD IGBT OREH& &5
EU7e, &zl TiBTERSNBBFALREGMOIL Y hOYAIL—ra vEMCHL T, HoamtEzmit Uz,

In the automotive field, electrified vehicles are expected as a measure of reducing greenhouse gas emissions. Their power mod-
ules in the inverter are required to have a higher power density, that is, small, thin and high output. To meet these market demands,
Fuji Electric has developed the “M677,” an industry-leading ultra-compact IGBT module for xXEVs. We have improved the short-
circuit withstand capacity of this small, thin IGBT by bonding the lead frame on the flat surface of the chip to reduce the stress per

unit volume that has increased with the growth of the power density. In addition, the solder joints have sufficient resistance to the
electromigration lifetime to meet the market needs.
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£ 2 X 1,700V All-SIC €Y a2 —)LDFRIIHLEX

Line-Up Expansion of 2nd-Generation 1,700-V All-SiC Modules

=2 35 TAKAKU, Taku ElE ZEF TAKASAKI, Ako Bt BEEH OKUMURA, Keiji

CNETICELRBHETE. >V DOY (S NT—PEEERCHERTNTD—IL o hOZoR UNTIL) #isoKigEER
{EIEDAFRF TS D 1,200V i E All-SiC EY 2 —ILZEFEL TWD, SE. E—9 RS54 TOBHAEFRIRILF—. Bk
RETHWBN D EMEDE A EREERAIFIC, FE2HAR N >FH— MEED 1,700 V ifE SIC-MOSFET /30 — 2 {4k
ZHEE U All-SiIC EY 12— IVEBFE LUz, CNICkY . BHEHRBOFKEBRREZFRERD Si—-IGBT EY a2 —VIZR LT
68% IR T, NTITLUMBOEEE/ S NULAETE D,

Fuji Electric has developed 1,200-V All-SiC modules, which are expected to significantly reduce power electronics equipment
loss compared with silicon (Si) power semiconductors. We have recently developed an All-SiC module equipped with a 1,700-V
SiC-MOSFET power semiconductor that utilizes a 2nd-generation trench gate structure. It is designed for high-voltage power con-
verters used in motor drives, renewable energy facilities, and electric railcars. It reduces generated loss in power converters by 68%

SHiHE—IZNAFMFT 7 X ENA—RSNH - ANICrH iR I

compared with Si-IGBT modules with the same power ratings.

electronics equipment.
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RC-IGBT Z#5& U758 7 X IGBT-IPM O/NBIRIGa D

RIHE

Line-Up of Compact 7th—Generation IGBT-IPMs that Use RC-IGBTs

BE® T KUROSAWA, Eiji IR [EE JOZUKA, Naohiko BA #h# KARAMOTO, Yuki

BLEKE. BEOLRREEOS 5742/, SEBEEIOERICIEZ D726 RC-IGBT Fv F&EHKHE L =i E Sy
47— TP639] =@M U725 7 AU IGBT-IPM O RFbEfT o 7c. TOHEMIE. 5 6 RV IGBT-IPM D MP629 IZEL
N, REWME 27% b Uz, F7z. 8 7 HARF v THEili & IGBT 04— b ZERE) I 2 Fi7z ahilflEifi=RA T &I
F UL EBREEROFERREN 7% EBLTE, 5 87 HRONy S—IEiZ#EHA L. 150 CTORERETELZE
EKBLU Tz,

In order to meet the demand for further miniaturization and higher reliability in power conversion systems, Fuji Electric has de-
veloped a line-up of 7th-generation IGBT-IPMs that is equipped with RC-IGBT chips and utilize the new compact “P639” package, the
footprint of which is 27 % smaller than the “P629” package used for 6th-generation IGBT-IPMs. In addition, using the 7th-generation
chip technology and new control technology for driving the gates of the IGBTs has reduced generated losses during continuous
operation by 7%. Moreover, it utilizes the 7th-generation packaging technology to achieve high-temperature operation at 150°C.
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3.3kV E 7 X TX 2 U—X IGBT F v 7t

3.3-kV 7th—-Generation “X Series” IGBT Chip Technology

& I5%8 IKURA, Yoshihiro BEH #%5— HARADA, Yuichi BEEF $A87T SEKINO, Yusuke

FETFICHNCT, E—YERETDEHICHERHTND IGBT Y 2 —Ilik. CO, HIRICERT D70, =SxDKIE
RALHDRD BN TWD, BELEBEIF. COFERICIEZDEH. BFHARD X > —X3 O IGBT & SiC-SBD ZfAED
7z, 33KVEMD SICNATUw REI2—ILERFULUREZ, XU —XIGBT Fv Fldk. REMEOMMLE KU T~
EBORESZHE<IHIET, ALY - TV IHAMEBEEEZ-ERELYE 1.OVIERLEZ, Fiz. SiC-SBD &flaahHE
BT ETY—VAVERE 51%. HEIEHEKE 98% KL 7=,

The railways, including high-speed rails, use IGBT modules for drive motors. It is essential for IGBT modules to reduce power
loss, as they directly contribute to CO, reduction. To meet this demand, Fuji Electric has developed a 3.3-kV SiC hybrid module that
combines the latest generation “X Series” IGBTs and SiC-SBDs. Using a finer surface structure and a thinner drift layer, the X Series
IGBT chip has reduced the collector-emitter saturation voltage by 1.0 V, compared with a previous generation. In addition, by com-
bining it with a SiC-SBD, the hybrid module has achieved significant performance improvements with a turn-on loss reduction of 51%

SHiHE—IZNAFMFT 7 X ENA—RSNH - ANICrH iR I

and reverse recovery loss reduction of 98 %.
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& 7 it PWM EiFHlE 1IC TFA8C00 U —X)

“FA8CO00 Series” 7th—Generation PWM Power Supply Control ICs

WA ZTHB MATSUMOTO, Shinji LUAR {%#8 YAMANE, Hiroki =i fEX MIYAGI, Kodai

VAR, BT OBE T RIVF —(LAETH T EFHBICHVWOND Ay F U IBIRITIF. BEELH RO E LR
M bk & AC ANBEENIG. MUEDRO S N TWD, ELEKF. INSOERITIH A 728 7 HAR PWM BRI IC
FFA8C00 U —X ) %=FAFEL7z. MOSFET D4 — b BRE) (T Feil /x i/ AME 1/ VIV AR EEB IR TS . A I O B I 2 H5)
M EUTz, FTe. & AC ANEEHRTORKAMEEZ 650V HD 710V ICH LUz, 512 ICHIEEEZI S Y
TIBTET AL F 2L —FRBEHAEE Y | BB EDHIRZ FTEEIC U7z,

As energy saving performance has been increasingly enhanced in recent electronic equipment, demand is increasing for switch-
ing power supplies for electronic equipment with high efficiency in power conversion at light loads, high voltage AC input, and
compactness. Fuji Electric has thus developed the “FA8C00 Series” 7th-generation PWM power supply control ICs. Minimum output
pulse width is selectable for optimal MOSFET gate drive, improving power conversion efficiency at light loads. The maximum ap-
plied voltage at the high voltage AC input terminals has increased from 650 V to 710 V. Furthermore, clamping the IC output voltage
eliminates the need for an external regulator circuit, reducing the number of components.
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Auto-Zero Amplifier Technology for Intelligent Power Switch

a4 HI IWAMOTO, Motomitsu EH =B TOYODA, Yoshiaki
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E&E IEHH KATAKURA, Hideaki
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Electronic components installed in an automobile, recently increased in number, are required to be mounted with high density
on the electronic control unit (ECU) board. They are also required to be miniaturized and integrated. Fuji Electric has therefore
been studying the development of a next-generation intelligent power switch that integrates a current drive devices, current detec-
tion amplifier, and current detection shunt resistors into a single chip. Integrating shunt resistors into the chip will need a higher
accurate amplifier than ever. We have thus developed a highly accurate auto-zero amplifier technology that automatically corrects
output errors. This amplifier helps reduce an ECU board footprint while maintaining the same current detection accuracy as conven-
tional products.
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SiIC-MOSFET

Trench SBD-Integrated SiC-MOSFET To Suppress Bipolar Degradation

E15 1FEF0 BABA, Masakazu = & TAWARA, Takeshi IR 89T TAKENAKA, Kensuke

SiC-MOSFET DRF « &+ 7 — RICIEAFHEEZTD & RU T SNENICEBREDIEEL. FEHLSE GFrEE
MWL) T2MENS B, TNICHL T, SiC LY F45—~ MOSFET ICh LY F SBD ZWT 2T & T Fv IHA
RXERELTBTEFEL HAFBEERICRT « 44— RICHENDERZNH TE D, AETIFEEKD SiC L > F
*— b MOSFET IZ3 U T SO EL 2BREEZN 4 FICRHDIENTE R, Fleo SHMFIFD SBD EHILVEL
T2HITHEF DN - BEADHIF TS 2 EEBIT. FESAMH SN2 O TRIEEEDR LHIfF TE 5,

When the body diode of a SiC-MOSFET is forward biased, characteristic degradation occurs as on-voltage rises with stacking
faults expanding within the drift layer. To avoid the issue, integrating a trench SBD into a conventional SiC trench gate MOSFET
will suppress a body diode current under forward bias without the need for increased chip size. This structure has increased the

current density at which characteristic degradation occurs by approximately four times compared with conventional SiC trench gate
MOSFETs. Without using external SBDs, this technology is expected to reduce the size and weight of products and reduce character-
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istic degradation, improving long-term reliability.
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