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Table 6: B NEHBIEA—H—T 71, W/ AT —F/IRAL RA—H—&

] ] Semiconductor Manufacturers |
Car Manuacturer] LTS DRIIE I Infineon ;CT"D BYD M"é“?‘;“' FujiElec  HITACHI ROHM Toshiba Renesas DENSO

DENSO
AISIN
1 TOYOTA Tier 1 TOYOTA GOSEI
TDK (DCDC)
TOYOTA INDUSTRIALS (DCDC)
In-house
HITACHI Astemo (KEIHIN)
2 HONDA Tier1  HITACHI Astemo (HITACHI AMS)
Mitsubishi Elec (DCDC)
Shindengen
« In-house (Zama)
Marelli (CALSOMIC KANSEI)
& EST Tier1  Mareli (Magnetti Mareli)
TDK (DCDC)
Meidensya
4 MITSUBISHI Tier 1 Mitsubishi Elec
DENSO
5 MAZDA Tier 1 DENSO
B SUBARU Tier 1 Mitsubishi Elec
7 SUZUKI Tier 1 ishi Elec:
Vi Tier 1 Bosch
9 AuUD Tier 1 HITACHI Astemo (HITACHI AMS)
. ZF,
10 Daimler Benz. Tier 1 HITACH! AMS
11 BMW Tier 1 Delphi
12 Jaguar Tier 1 ‘Continental
13 Peugeot Tier 1 ‘Continental
In-house
14 TESLA
In-house
15 Ford Tier1  HITACHI Astemo (HITACHI AMS)
16 GM Tier 1 LG Electric
Guangzhou
17 Automabile Tier1  HMidec
18 Geely Automobile  Tier 1 Delphi
19 BYD EBYD
20 SAIC Motor Tier 1 Bosch
2 Hyundai Tier 1 Hyundai Mobis
. N 3 N RS =3 > —_
Table 8: E—4#—A2/\—4%— DCDCHEAVN—4— BHT (R EV21—IL—&K
Product idensfication 2020 TOYOT A Yaris PCU 2016 TOYOTA Prius-4 PCU 2021 TOYOTA MIRAI e
6MBIB00XV-075V-01 Audi etron 55Quattro Inverter  Traction Motor Inverter Traction Motor Inverter FC Boost Converter Trak
‘raction Motor Inverter
Power -card Power -card Power -cand
§ Consguaton ey 2-Phase Inverter 2-Phase Inverter 3Phase Inverier 4Phase Interleaved 3-Phase Inverter
< Inverter Halt-Bricge BIRE Holf-Brice BIEE Hal Brid: t i
& ffvecic ~500 V. IC=570A 360V 80V ~850 V 850V . Io=200A 570 V
Front 125kW 59kW 53w 128kW 80 kW
Power 3Spec of Mokor's Power AR

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 voltage @ TF25'C
and IC/A = 2 A/mm2  VGE=15V
‘Pm Semiconductor Supplier

Power Semiconductor Device

Module

Module Size
[Cooiing ~
1-Phase (Half-Bridge) package sie

Trarsistor Size per Switch, AA
ThermalResistance per Switch Rih.jw
@ G=10 Umin A
|Codling Configuration

Cooling fluid

Cooling s Fucture

Pressure drop @ G= 10 Umin(Tota)
|Speciic Thermal Resistance per Switch R jexAA
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7.1 Analysis result of RAV4 and MIRAI

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

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

2930mm

Wwoggt

4281.6g

LoC.  \tec corpnraTION Page 62 of 89

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

B 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
T kW + ————— s — 1
| DensolGeT] ! ! ! CS“E"';:‘:
h 1 Reactor | gpr || 1GBT | . B H
v ! o (TT_|Power| [Power| L1 | | 168T || 1GBT
LiB ! card | | ~card : | |Power||Powe:
- ! I | -card|| -eard || !
! i ! ! Front
kg ! P L 1
b ¥ T [, S A A40KW(rated)
______________________________ 4 Inverter for FC compressor 128KW(max)
Fuel Cell : ——mm e e m == ,
Stack 1 I | Current
1 ! ! Sensor
v 1 1 | 1GBT || IGBT || IGBT !
1 I |Power] [Power | Ps FCM
oy [eard ]| -eard | | -eard [
1
1 . !
1 1 1
1
1
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7.3 The 1t Gen. RAV4 PHV, Boost Converter and Inverter Block Diagram

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

Main Boost Converter Mainly Generator
rFm——————— -——————- |
! |
, 1
, 1
I IGBT || IGBT
Wh | Power| |Powe
B -card || -card
2V = |
h T = | Generator
L
el —  —FfF=m—————mmm—=m = F V0=~ /=== [
Analyzed ad-on Boost C Mainly Inverter for Front Motor
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1
KA : : : Front
¢ ! ' H 134KW

Inverter for Rear Motor

- _

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
17 Gen. RAVA PHV 2 Gen. RAV4 PHV MIRAI FCV when use IGBT 2™ Gen. MIRAI FCY 37 Gen. MIRAI FCV
Main (E';:i:re‘re: Ad-on Main converter Built in the main converter FC boost converter Built in the main converter
Vbus 3584 356Y 650V 550V 850V

Transistor Vdss

Power Device
Gate Driver
Boost Controller
Reactor

Film Capacitor
Current Sensor, Bus Bar
Al Chassis

Total cost

—_ 1
Note 1: It is guite difficult to use 1200V Si-IGBT due to speed drop and rise of switching losses in high voltage and high current condition.
We think that this is one of the reason MIRAI uses 5iC instead of IGBT.

mPawer Deviee

Boost converter cost breakdown #Gte Drver

mBoast Cantroller
Reactor

mFilm Capacitor

I urrent Sengar, BusBar
— (e
I
] .
Main converter + Ad-on Main converter Built in the main FC boost converter Built in the main

Converter converter converter

1st Gen. RAVA4 PHV 2nd Gen. RAVA PHV MIRAI FCV when use 2nd Gen. MIRAI FCV 3rd Gen. MIRAI FCV

IGBT
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