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Simulation Based Prediction of SiC Trench-Type MOSFET Characteristics
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The development of semiconductor devices that use SiC (silicon carbide) based materials has been increasing as a means of achieving

further energy savings in power electronic products. SiC trench-type MOSFET are capable of reducing loss even more than conventional
planar types. Fuji Electric is implementing simulation based characteristic prediction in order to improve the efficiency of new SiC device
development. It is necessary to consider the newly utilized crystalline surface characteristics for the simulation of the trench-type because
the characteristics of SiC differ by its crystalline surfaces. We have established a convenient method for incorporating the parameters into the
simulation model, which enabled reproduction of actual observations and prediction of performance improvements.
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Development of SiC Bipolar Devices Using Simulation

#i7K |E—BB MATSUNAGA, Shinichiro

B £ TAKEI, Manabu

DA RNV REDw TEEARTH D SIC GRIEITWVWE) TN ZICBWT, 13kVAERASHMIEEEBRIEDZHIC
&, NAR=SFNNAAEHESINTWVWD, BEBBEIE, >TaL—2a vOFMEENKREEDEBREMBITL, /5
A—IEIEEME VRS CETTURMEORHEEIT> 1o, WERFEY I 2 L—2a Yy, MAMEEY 2 L—2a Yy, Ady
FUIREYIalb—2a Yy adEL, NTA =S ITFAEYHEEE KW U CREES DT Rt EEE T LTk,

FETNA AN E FIFHBL TS 2,

In SiC (silicon carbide) devices, which are wide band-gap semiconductors, bipolar devices are considered beneficial for achieving a

high withstand voltage in excess of 13kV. Fuji Electric has improved prediction accuracy by repeatedly adjusting parameters based on

the analysis of differences between simulation predictions and actual results. We implemented withstand voltage characteristic simulations,

forward characteristic simulations, and switching characteristic simulations, and then reflected the measured physical property values into the

parameters, while also taking into account interface charges and parasitic resistance. As a result, we were able to reproduce with a high level

of accuracy the characteristics of actual devices.

FAHE

FLAR, IND—F N AT SN D8R E LT, ik
DSi (UAY) ITEDDTA RNy RF v v T8RN
ERSNHEO TWD, BEEF v U PRELMKLS, Si &
DB mEiE - MERLDDDHWERNERAFEE LIS W
C LISk UM - EEER TSR TS 5, R
ISR A RS Ry TR OP A RS, thC
B SIC URALIFWIED 1FRFEDWIZERFEIC &K > THEM DM
BB ENMTON, 1-R—S5F N1 AThdTaw
N4 — /N0 P&+« I — K (Schottky Barrier Diode) >
~Z YT 24 [MOSFET (Metal-Oxide-Semiconductor
Field-Effect Transistor), JFET (Junction Field-Effect
Transistor)] [F—#H#EGfbbirThbhTW\wsd, —F, Kl

K1 T4 R RE vy TEBEOYIEE

TA RINY RF v v THEER
E B Si
3C-SiC | 4H-SiC | BH-SIC | GaN

NYEFryT | 538 | 326 | 302 | 342 | 1.12
(eV)

ettt 1,000 | 1,000 | 450 | 1,500 | 1,350
(cm?/Vs)

IE?L?QE 100 120 100 150 600
(cm*</Vs)

fEiRIRIERE

(MV/cm) 1.4 2.8 3.0 3.0 0.3
B RU T MEE | 2.0 X 22 x 1.9 x 24 % 1.0 x
(cm/s) 107 107 107 107 107
EEEER

W/(cm - K)) 4.9 4.9 4.9 2.0 15
Baliga MaEigIZ* | 62 495 | 274 | 1,128 1

* Baliga 14AE351% : Baliga RIBO1=/R—5 7/ ADMAEEHER. MEHICKoT
REDIRFUFEDIEIRETH D,

i, BIHEDHETE L TENTWDNAR—F57 /310 I
DWTIE, WEHEMEHEOER ChD, m—ILF+ U X
DUHEIR T 2 p AR DEE - O AICHED D D,
FlAh—IU — BFFREEIC K > TRAES N DL DA D
IxlzshTh s,

BIABNREAS S 2 L—2a Y CPE L THLMGE B & Mg
I5ET, FTOMEREHSNCTE, WRICHET T
HND, HRWE/NT A=Y DFEZED JTOt 25D
WThH, BIEICKDEEFHEOMEMRLETZTaL—2 3
VEDTrwTa VIICIURENAEEINTWD,

2] SIC/INAMIR—FFINA R

KEFEHED W e/ /N R— S F X+ A Tdh 5 SiC-
PIN 4 « & — R ¥ SiC-IGBT (Insulated Gate Bipolar
Transistor) DWFFEBIFEDY, IRICHMDIZERIFE LR T O T >
v (FIRST) AAREW JOY U bDO—B8RE U CELH
FEBHFS RN B SERAT AR AWIZEATIC T 2009 ED B EES N
TS, BEEBLEARATOY o MM DEMU T,
INAR—F 58 ZFNMETF A BHEIC /S RF vy T
U7zl b+ VEIELED/N 7 ZAEIEHLE T, SiC (&
25V LA T D, IR —TF/)NA AFEEPLLEHE
Uk A VBIEDTEWTES, A IR— 5 581 AHSE 5 H Sk
THRAICHEDDIE, SBKZMIED 5kV B O T FHIER
EFHAIND, B1IZPIN YA« — R &EnIEIGBT O
EMEHX OB Z, B2 ICHEMELTcn B IGBT OF v J&
YT —/\DEHR%ERT,

FIRST ClEBMH D 13kV U T ADFI/INA A% 0%
E U, BHEARR 13KV E, Mmoo Y|P 1lm Q
em®, Fv IHY A X8 x §mm®, Fv FHK7zU 60A D n
IGBT A% L, 6kV CTDOAA v F v JEMEEMAEL =,
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A D T Ot 2D RE W, &2 (TSN R —
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VEZalb—T a3y P EFENRREDERERITL, NS
A—SIEIEEM ) R T & TFRGEDUEELT S Iz,
DA RNy RFpw TREERDTZ 2 L—23 VI,
WY — VBRI ERD Te ORI T = O DL EN D
U, FEI/NEOTESE DD ITEF SV LZWE Y M E
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JEEmHD I ET, EEBEOMTEICIE B D WP CETHE
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i F L I ROV & WE 22+ o > ALARE D B S AR
[EDOWTIE, CNETITHEEEND R — &Y TR EARAE
DRI D EHWES N T WS, BN TWLS SIC
&, 4H EFFENSIERED N T (Hexagonal crystal
system) a5, BBYEE-DGZEA A AR EIC R )T D
BH Do <0001> il 7 [a) i & il (T 1 5 [8) D i % Al 31 1S
FI DHIWEA VIO b A A MEETIVEH WD LT,
<0001> #ifl I FE W S5 A D BN ELEE & 752 5 /N1 A& R
DWEZZ 2 Lb—2a YORMENNET S EHESNTL
.

Bg 3 IZ 13kV n JZ IGBT O#& i DR TR, #&
Vig FE DR T M R AR BRE A AR I S 7= I, JTE (Junction
Termination Extension) <Cl& p EAMME ALK T D,
BWEMEAFEB T D720, 2BBEORIEDRAED JTE #
Gz JTE BI1E 500 um CTds U, EiE Si 7 /81
2 E WY D EIRF T WRIETE S 5> TW D, mE W
JEAFEDOHESE &I D721k, JTE OPIHIH S FEl IS

x2 YZal—IYavDELFEEER

® B B =
1 4 AL® Al DZRN TG
p Fogmtkicpee | oaEEE o, GaE
AovsorEs| DY BATOER
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M, YZalb—TavyFHELFEIMEIE K LUEWL, <
D PiN 4/« 7F — R I& IGBT & [AlA% SiC 1—/R >0 (C 1)
7/ — REMEEHE L TWDTzs, KiEEO p I JTE
FEIRD C i RIS NS, p i SIC &EELIEO R IC &
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We &z, R—ILF+ UPORBEEHD Al 7O THIE,
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T A I, A AL, GG EDNT A= ITHTF
DUIMBEEDREE, T O KD ELAR 2Tz,
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B 6 IC, 13kV PINY + 7 — RDNE 45 AE R T . p
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ROFBHSEIN200C O ZTaL—a v EEMNHERD
I-VEEEEKELZBHD Chd, Ny RFv v TITHKFES
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Atomic Level Analysis of SiC Devices Using Numerical Simulation
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Research and development of power semiconductor devices with SiC (silicon carbide) has been very active because of the increasing
need for low-loss power electronics equipment. The electrical properties of the SiC-metal-oxide-semiconductor field-effect transistors (SiC-
MOSFETSs) are affected by charge trapping that is thought to be caused by the atomic level disorder at the interface between the gate oxide
and SiC (SiC/SiO, interface). In order to analyze the origin of the disorder at the interface, we have been implementing the atomic level

analysis using both the X-ray photoelectron spectroscopy and the simulation based on the first principles calculations. As a result, we were

able to estimate the chemical state of Si at SiC/SiO, interface, as well as its terminated structure via nitrogen when the interface is nitrided.
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Study of Adhesion of Resin Materials by Molecular Simulation
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Molecular simulation is a technology for evaluating the various properties of materials based on their molecular structure by using a
computer. It has received attention as a method for speeding up the development of products. Semiconductor modules are being employed to
an expanding range of applications such as industrial equipment and electric vehicle. In order to ensure high reliability, importance is placed

on the adhesion of materials and resin. Against a backdrop of this, we implemented a study using molecular simulation for analyzing auxiliary
agents for improving adhesiveness. We evaluated 2 types of auxiliary adhesion agents and elucidated molecular level mechanisms related to
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adhesion with aluminum.
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Residual Stress Distribution and Adhesive Interface Strength Analysis of Thermosetting Resin Molding
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The number of products sealed with a thermosetting resin such as semiconductor products has been increasing as the heat resistance and
withstand voltage are improved and the size is miniaturized. Currently, structural design for products is being implemented using stress analy-
sis based on CAE analysis in order to ensure reliability in products sealed with a resin. However, this type of analysis cannot predict resin
cracks and interfacial peeling between the resin and component materials that cause failure. We have thus established a method for grasping
curing behavior of thermosetting resin, a residual stress distribution analysis technology that can be utilized after curing has completed, and
an evaluating technology for adhesive interface strength considering the adhering end distance. As a result, we can now construct structural
design systems compatible with thermosetting resin sealing, thus enabling us to improve the reliability of products.
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Electromagnetic Noise Simulation Technology for Power Electronics Equipment

EF & TAMATE, Michio M SEFOF HAYASHI, Miwako ™Hi# F2F ICHINOSE, Ayako
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Power electronics have been becoming more widely used as core products for achieving energy savings and energy creation. However,
power electronics equipment may cause electromagnetic noise interference, such as communication failure and malfunction and damage of
electronic equipment. For preventing electromagnetic noise interference caused by conduction noise and radiation noise, Fuji Electric has

been developing various simulation-based technologies, including the improvement of the analysis accuracy of electromagnetic noise generated
by power electronics equipment to comply with relevant regulations, analysis models from which we can select a simplified or detailed one

depending on applications, and applications for power electronics systems in addition to that for single equipment.
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Aerodynamic Noise Simulation Technology for Developing Low Noise Products

EF I8F KANEKO, Kimihisa WA [ESE MATSUMOTO, Satoshi

(11PN il YAMAMOTO, Tsutomu
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The size reduction trend of electric power equipment causes increased heat generation density along with an accompanying need for in-

creased airflow for cooling. In this situation, aerodynamic noise can be the dominant noise source for air-cooled electric equipment. Grasping
the noise generation mechanism and the noise reduction by measurements are often difficult, getting physical information through simulation
can be an effective approach. In order to achieve noise reduction of equipment, we elucidated the aerodynamic noise generating mechanism
by focusing the fan, the main source of noise in air cooling equipment, and estimated noise change caused by cooling structure differences.

Simulated sound pressure level and peak frequencies are in good agreement with the measurement.

This technology can be applied to

understand the noise generation mechanism, and can also be used to structure design.
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Analysis of Pressure Rise During Internal Arc Faults in Switchgear
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Switchgear include devices that play an important role in operations such as electric circuit switching and power measuring and moni-

toring, and IEC standards stipulate safety performance criteria regarding arc discharge (internal arc faults) in switchgear. Fuji Electric has
developed an analysis technology for predicting pressure rise and pressure discharge performance during internal arc faults in order to design
safe switchgear. By incorporating a pressure loss model in the vicinity of devices that discharge pressure and an arc model derived from
the results of actual device testing, we have been able to implement highly accurate analysis. We have developed IEC standard compliant

switchgear based on this analysis technology.
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Thermo-Fluid Simulation Technique for Achieving Energy Saving in Open Showcases
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More than half of the electric power load in open showcases used in stores such as supermarkets and convenience stores is heat invasion
that comes from the front opening of the displays. In order to save energy on the showcases, it is necessary to improve the performance of
air curtains that suppress this heat invasion. Air curtain performance changes over time based on the impact of frost formation on the evapo-
rator. Fuji Electric has developed a thermal-fluid simulation technique for elucidating this phenomenon, and based on this technique, we have

developed a new air curtain system. Demonstration results achieved improved energy saving of more than 30% compared with conventional
systems.
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Simulation Technologies Supporting Quality Improvement in Injection Molding

KE HITE YAIMA, Asuka BEH HFE SUGATA, Yoshinobu 175 HIBE YOKOMORI, Noriharu
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Plastic has excellent electrical insulation properties and is often utilized in various products due to its mechanical properties and charac-
teristics. In order to improve the quality of plastic parts, Fuji Electric has utilized resin flow analysis to elucidate the quality and productivity
issues that exist during the early stages of development. Furthermore, we have been reflecting our findings into the design of our products
and molds. We have verified ease of assembly in consideration of warping by using the analysis results and a 3D printer, and as a result, we
developed parts suitable for automated assembly in a short time. We have also utilized unsteady heat transfer analysis to optimize the tem-
perature control circuit for molds and have significantly reduced the molding cycle. Furthermore, we have been working to estimate the fiber
length of fiber-reinforced plastic, and are now able to determine the distribution trends of the fiber length that affects the strength of parts.
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