Vehicle Electrical Systems
Integration

Aim: Reduce cost, size and improve reliability of the
electrical power systems by integration of functionality in
automotive applications.

EPSRC

Pioneering research
and skills




Project Overview

* 4 year project started in October 2011

10 university partners
£3.5m
Initial focus on underpinning technologies

Last 2 years focus on demonstrator projects
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Project Rationale

delivers
VISION KEY IMPACT RESEARCH THEME TECHNOLOGY
PARAMETER DEMONSTRATOR
- 3C-SiC Power Devices
Competitive EV Cost
(vs. conventional) Desian Tool Integrated motor/
Weight ol 1908 inverter for power
steerin
Mass Market defines = determines Packaging and enables :
Peneiration = b Interconnects ,
e Integrated electrical
iciency power system
Reduced CO; s
Emissions Reliability
Converters Multidirectional
Manufacturabil integration for
Charging AT — bi-directional power
Infrastructure Functonally Components flow




CHALLENGE

APPROACH

IMPACT

Warwick

THEME 1

Semiconductors

Newcastle Nottingham
Bristol, City,
Manchester
Sheffield \L
v

THEME 2
Design Tool

THEME 3
Packaging

Cranfield
Newcastle

!

THEME 4
Motors

Manchester
Strathclyde
Liverpool JM
Newcastle

\/

THEME 5
Converters

Bristol
Sheffield
Manchester

|

THEME 6
Passives

« switching

« efficiency (heat
dissipation)

e cost

« interacting electri-
cal, thermal and
mechanical effects

« lifetime and failure
rate

¢ physical integra-
tion of currently
discrete compo-
nents

e uncertain supply of
earth metals

e non-optimised,
poor thermal man-
agement

e very heavy—
reduce mass

¢ 3C SiC grown on
Si substrate

e develop design
tool for complete
power drive train

o develop modular
assemblies

e develop reliability
models

e consider opera-
tional constraints

« optimise and
benchmark motors
in realistic drive
cycle scenarios

« optimise and in-
crease power den-
sity

« interweave avail-
able research

e use models to
miniaturise
« alternative cooling

e Increased power
density
e reduced chip cost

« weight/volume
savings

« reduced develop-
ment/testing time-
line

e performance and
space gains at die
level

e increased power
density

« high temperature
operation

« optimised layout
for integration with
PE

e reduce weight
e decrease external
charge times

e reduced weight
« enhanced reliabil-

ity
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TECHNOLOGY DEMONSTRATORS




Series Hybrid Scheme

*|CE does not provide traction
|t is connected in series with the electrical machine
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Parallel Hybrid Scheme

*|CE and electrical machine both provide traction
*They are connected in parallel
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Series/Parallel Hybrid Schem&©32

eCombination of both
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Full Electric vésl

*No ICE

*Permanent magnet synchronous machines (80kW for Nissan Leaf)
*480 V Lithium ion battery




SiC at present is not cost effective
4H — expensive starting material
Is 3C-SiC grown on Silicon a solution?

Should be cheaper but hard to grow high
qguality material because of lattice miss-match



Wide Bandgap Semiconductors




Electric Vehicle Powertrain

Inverters convert DC power
from battery/fuel cell into AC
power for electric motor

Inverter [ 'K-}
for generator | m\_ Main
capfcitur Inductor 288V

Inverter _ Filte it
Motor , caim or

650V i
30kW > B E

Generator

for motor "K

S
2

THS power train schematic from M Ishiko (Toyota R&D vol.39 No. 4)



Current Technology in HEV Inverters

Silicon Insulated Gate Bipolar Transistors

*Bus voltage of 500 V
Breakdown Voltage of
850V

*On-state current of 200A
*Device Area of 133 mm?
Delivers power to a 50kwW
motor

*30kW power capability
when generating

A Kawahashi, ISPSD 2004

Inverter Module for THS I



Current Technology in EV Inverterﬁvégl
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Vehicle Electrical Systems Integration

3 Reactor

Boost power module
& filter capacitor

Water-cooled heat sink

Convertery

- ——

Inverter A

Inverter power module/

Smoothing capacitor



Toyota IGBTs vésl

1st an 3rd
Generation | Generation | Generation

Chip Appearance

Device Gate DMOS DMOS Trench
Structure  ygrtjcal PT PT Thin Wafer
Lifetime He irradiation  He irradiation None
Control
Chip Thickness 380 um 380 um 165 um
Breakdown Voltage 700 850 1250

Chip Size 1 0.75 0.62



Toyota IGBTs

Novel
structure
(EFD IGBT)

ltem '03 Prius ‘05 RX ‘06 GS
Chip appearance m IIIIIII
Device structure Planar IGBT | EFD IGBT | EFD IGBT
Chip size (mm?) 13.7x9.7 | 12.75x9.39 | 12.75x9.39
Chip thickness (um) 380 375 300
Breakdown voltage (V) 970 1200 1200
On-state losses
265 242 232

(W/cm®)

N-drift layer

Electric
field (V/m)

EFD layer

(High BV)

Electric field
dispersion
principal



SiC Device Technology

Today Full SiC Power
Modules

T3 CONY VI0A|
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Single MOSFETs
1200V, 30A, 80m£2



Toyota SiC JB Diodes !!!




Theme 2: Design Tools

Approach:




Theme 3: Packaging

Novel packaging techniques
High temperature operation
Low cost manufacturing

High reliability

Coolant (water) \

Sandwich ‘
assembly \-\ i

Gate drive

Screw terminal
connector

DC-link board

Heat exchanger



Theme 4: Motors vesl
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Design, construction and test of magnet-less PSM
possible two PSM with integrated planetary gear

Design, construction and test of magnet-free PSM
possible outer rotor geared high speed SRM




Theme 5: Converters

‘ SlT
New converter topology concept . } i
such as multi-level converters, R
s S3 A
current source inverters : - % 1
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Theme 6: Passives

Reduction in the size of passive components due to:
intelligent control
new materials
new cooling methods




Thank you

Vehicle Electrical Systems Integration




