Si and SiC Power Transistors in the Powertrain of Electric Vehicles (xEVs).
A Survey of Japanese Automotive and Semiconductor Manufacturers
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the electrification of automobiles is actively progressing.

High withstand voltage power devices (Si-IGBTs, Si RC-IGBTs, SiC-MOSFETs) are the
important components that determine "low power loss", "high reliability", and

"cost" in electrification of the automobile powertrain.

Since 2015, LTEC has analyzed more than 50 in-vehicle powertrains electronic
systems, and based on the analysis results, each company's device performance,
regarding automobile manufacturers, tier 1 suppliers, semiconductors and
module manufacturers, mounting information, of Japanese manufacturers have
been extracted. In this survey report, cost comparisons, benefits of replacing
IGBTs by SiC, cost estimates, and technology trends are summarized.
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Excerpts from Survey Report

Table 6: Summary ofJapanese Car Manufacturers, Tier 1 Suppliers and Semiconductor Manufacturers
Semiconductor Manufacturers 0
u e (UEES e LeYe ) I S| e o ey (B2 5

Nicm Elec
DENSO
1 TOYOTA Tier 1 TDYDTA GOSEl
TDK (DCDC)
TOYOTA INDUSTRIALS (DCDC)
In-house
HITACHI Astemo (KEIHIM)
2 HONDA Tierq  HITACHI Astemo (HITACHI AMS)
Mitsubishi Elec (DCDC)
Shindengen
« In-house (Zama)
Marelli (CALSONIC KANSE])
8 S Tier1  Marelli (Magnetti Mareli)
TOK (DCDC)
Meide
4 MITSUBISHI Ter 1 Mitsubishi Elec
DENSO
H MAZDA Tier 1 DENSO
6 SUBARU Tier 1 Mitsubishi Elec
7 SUZUKI Tier 1 ishi Elec
8 A Ter 1 Bosch
8 AUDI Tier 1 HITACHI Astemo (HITACHI AMS)
. ZF,
10 Daimler Benz Tier 1 HITACH! AMS
1 BMW Tier 1 Delphi
12 Jaguar Tier 1 Continental
13 Peugeot Tier 1 Continental
In-house
14 TESLA
In-house
15 Ford Tier 1 HITACHI Astemo (HITACHI AMS)
16 G Tier 1 LG Electric
Guangzhou
7 Automobile Tier1  Nidec
18  Geelv Automobile  Tier1  Delphi
19 BYD BYD
20 SAIC Motor Tier 1 Bosch
2 Hyundai Tier 1 Hyundai Mobis

Table 8: Power Transistor Modules used in Automotive Motor Inverters and DC-DC Converter

Product identification 2020 TOYOT A Yaris PCU 2016 TOYOTA Prius-4 PCU 2021 TOYOTA MIRAI

6MBIBOOXV-075V-01 Audi e-tron 55 Quattro Inverter Traction Motor Inverter Traction Motor Inverter FC Boost Converter 2OHOMDAER FCL)
Traction Motor Inverter
€ Power -card Power -card Power -card
8 3-Phase Inverter 3-Phase Inverter 3Phsse Inverter 4Phase Interleaved 2-Phase Inverter
£ [configuation 3-Phase Inverter Holt BricgeBIRE Hol-Bricge Bl Mok BridgeB B 0C.0C et
& ffvec e ~500 V. IC=570A 30V 80V ~8%0 vV 850V . Io=200A 50V
Front 125kW 59kW 52kW 128kW 80 kW

Power %Spec of Mobor's Power Rear: 140kW

Hal-Bridge arm Semiconducior Trarsistor chip

Transistor chip size [mm2]
Transistor Area per Switch [mm2]
Free-Wheeling Diode (FWD) chip size [mm2]
Total Switch size (IGBT + FWD) jmm2]
/CE satpin) C-E satration volage @ TF25'C
and IC/A = 2 A/mm2  VGE=15V
| Power Semiconductor Supplier

Power Semiconductor Device
3

Module

Module Size
{Codling ~
1-Phase (Half-Bridge) package sie

[Trarsistor Size per Switch, AA
ThermslResistance per Switch R,
G=10 Umin A

Cooling fluid

Coolina s fucture

Pressure drop @ G= 10 Umin(Tota)
|Speciic Thermal Resistance per Switch R jexAA
HOEW St YRR
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Excerpts from Survey Report

7.1 Analysis result of RAV4 and MIRAI

1 Gen. RAV4 PHV (IGBT system) 2" Gen. MIRAI FCV (SiC system)

Ad-on Boost Converter
(located in ad-on module under main module)

2930mm

WwogT

4281.6g
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7.2 The 2" Gen. MIRAI FCV, Boost Converter and Inverter Block Diagram

W PCU has 8 IGBT power-cards in main module portion, FC Boost module has 8 SiC MOSFET power-cards

Main Boost Converter Inverter for Front Motor
KW + —e——e¢— 77 I
G t
Denso IGBT ' ! I U oo
Reactor 16eT | | 1GBT | \ |
o (V_|Power| [Power| = ! | | 16BT |[ 1GBT
-card | | -card | | |Power||Power|
: | | -card || -card | | |
\ ! ! Front
[ S 1
T Lo T ______1 40KW(rated)
______________________________ Inverter for FC compressor 128KW(max)
Fuel Cell ! mm—mm— - = === |
Stack : ; 1 | Current
W 1 1 ! Sensor
v | 1 | 1eT || 1687 || 16BT 1
1 I |Power| [Power] | P: S5 FCM
1 : -card | -card || -card |
I
1 !
1 ! !
1
1
I

e _
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Excerpts from Survey Report

7.3 The 1 Gen. RAV4 PHV, Boost Converter and Inverter Block Diagram

W PCU has 14 IGBT power-cards in main module portion

Main Boost Converter Mainly Generator
—_———————— — ——————— |
! | Current
: I Sensor
1
! 1GBT || 1GBT
1
Wh | . \ Power] |Powe
2V B | -card || -card
h T 1 Generator
L
ell b =
Current
Sensor
Front
134KW
Reactor: |
: | Current
\ ! Sensor
1 IGBT || IGBT || 1GBT !
1 Power| |Power| | Power] =,
| -card || -card || -card |
I
! : Rear
L — e _ _ _ | A0KW

IGBI has absolutely advantage in the simple cost comparisons. However, it is estimated that the case using 5iC will increase in order to reduce the

size due to space limitation.

Sic. SiC
1 Gen. RAV4 PHV 2™ Gen. RAV4 PHY MIRAI FCV when use IGBT 2" Gen. MIRAI FCV 3 Gen. MIRAI FCV
Main cg‘;‘:::i"e: Ad-on Main converter Built in the main converter FC boost converter Builtin the main converter
WVbus 356V 356V B850V 850V 850V

Transistor Vdss

Power Device
Gate Driver
Boost Controller
Reactor

Film Capacitor

Current Sensor, Bus Bar
Al Chassis
Total cost

_—
Note 1: It is quite difficult to use 1200V SIHGBT due to speed drop and rise of switching losses in high voltage and high current cendition.
We think that this is one of the reason MIRAI uses SiC instead of IGBT.

mPower Deviee

Boost converter cost breakdown = Gee Dives
mBaast Contr oller

Reactor
 Film Capacitar
WCuTEn SEnger, Bus BAT
A asis

I .
IGBT IGBT
Main converter + Ad-on Main converter Built in the main FC boost converter Built in the main
Converter converter converter

1st Gen. RAV4 PHV 2nd Gen. RAVA PHV MIRAI FCV when use 2nd Gen. MIRAI FCV 3rd Gen. MIRAI FCV
IGBT
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