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Voltage Regulator Module
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DC/DC Converter
Development Route
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DC/DC Bus Converter
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Power Supply
Energy Efficiency

10 Billion Power Supplies in
Use Woldwide

10% of US Electricity Use

30...60% Efficient
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L5, sales of these power supply-containing products are expected to rise 55%
between 1999 and 2004. Source: Consumer Electronics Association
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The shaded areas represent the net power consumption of each power supply
- the amount of ac power input that is converted to heat instead of becoming
usetul dc power output. Both units are designed to produce a similar amount
of dc output power across a range of loading conditions. But at 100% load, the
ifnear design draws nearly twice the ac power of the switching design (12
watts vs. 6.3 watts). At 0% load, it draws more than 8 times the ac power (1.7
watts vs. 0.2 watts).

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

VIDE 2004 ——



=1C I Power Electronic Systems
I'— Laboratory

Hybn d Car Hor —+— European petrol fleet

--O-- European diesel fleet

220 - L ae total

200

180 - currently 165g/km

— Mechanical Battery 160
----# Electrical i

CO; (g/km)

Inverter 0= e e e e e = ”
! target of 140g/km by 2008

\
:I-‘ Motor 120 1 I | ] I | |
1994 1996 1998 2000 2002 2004 2006 2008

Engine

Generator

Drive
. Wheels
Series Reduction
Gear
— Mechanical Battery
- Electrical '
Ipvcrtcr

Engine Transmission ‘3,
XD
Generator
1 Drive

Wheels

Reduction

Pa ra llel Gear

ETH
VDE 2004 ——

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich



=1C I Power Electronic Systems
=l Laboratory

Hybrid Car
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Hybrid Car
Share Forecast
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Hybrid Car
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More Electric Car

Waste Heat Recovery

Vehicle Operation

'
.
‘ 5
B.E: et
S| 2 25%
Al = Mobility &
8 Accessories
¥ 5%

Friction &
Radiated

Cool Air Flow Coal Air Flow

30%
Coolant

Engine
Coolant
Flow
(110 °C)

Electro-Thermal
Energy Generation

TE Modules for Power

Eidgendssische Technische Hochschule Zirich VDE 2004 -

Swiss Federal Institute of Technology Zurich




1C T Power Electronic Systems
I' = Laboratory

More Electric Car

Technology Gaps
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More Electric Car

Power Electronics
Mounted to ICE
105°C

Increasing Ambient/Junction
Temperature and Simultaneously
Increasing Reliability
Requirements

Packaging Technology with
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All-Electric
Fuel-Cell Powered Car

Voltage DC Link IGBT Converter
Super-Cap in Parallel to Fuel Cell

400V, (250V
40kW*  (60kW)
48kHz Interleaved Switching
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More Electric Aircraft Cluin
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More Electric

Aircraft

Power System
Architecture
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More Electric

Aircraft

IN:  Fuel
Electric Start
OUT: Thrust
Electricity

——f}—= Electricity to/from Core Motor/Generators

Controls

No Oil on Engine

Integrated Power Generation,
Distribution and Management

No Hydraulics on Engine

Electric Engine Starting
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More Electric
Aircraft
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More Electric Aircraft
Flight Control
Surface Actuation Left Flaperon iigmnapm

Right Aileron

Left Elevator Right Elevator

EHA Electro-Hydrostatic Actuator ﬁ
EMA Electro-Mechanical Actuator
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More Electric
Aircraft

Three-Phase AC/DC
Power Conversion with
Low Effects on the
Aircraft Mains

Unidirectional Three-
Level Boost Converter

Unidirectional
Buck+Boost Converter
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Renewable
Energy
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Drive Systems

60% of Electric Energy Utilized in Germany
consumed by Drives

400TWh Drives Energy Consumption in the EU
60% Energy Saving Potential
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Drive Systems
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Drive Systems

Bidirectional Utility Interface
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Drive Systems

Matrix Converter
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Drive Systems

Quasi-Matrix Converter

Active Common-Mode
EMI Filtering
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Distributed Generation
and Storage

Fuel Cell

Co-Generation
65% Combined Efficiency
Custom Power / UPS
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Power System with
Fully Integrated
Network Control

rep _Li gdwﬂmto
Self-Healing e
Wide-Area
Monitoring Distribution
Power Flow Subseation
Controlled
Instantaneously

using Power
Electronic Systems

Premium Power (d .;'p gt
and DC Service Ny T Sectar
Plug & Play Of | = Commercial
Distributed g
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Visualize Critical
Information

Risk Based
Security Contours

Displays the Limits of Power
Market Activities Imposed by
Constraints on the Underlying
Power System

Locates System Bottlenecks

Suggests Combinations of Net
Power Import and Export

Promotes Integration of System
Reliability and Market Efficiency
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Roadmap Tree for Power

Delivery Technologies
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Future U.S. Energy Distribution

Super Grid Concept Efficient Coast-to-Coast Underground
EPRI Transport of Large Amount of Energy -
40...80GW
Simultaneous Delivery of
3,000,000 MW Worldwide Electricity and Liquid Hydrogen
Electric Utility Generation Combined with MAGLEV Systems

700,000 MW in the U.S.
15,000 MW/a added
6,000 MW/a replaced
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Power Semiconductor Evolution

Spread of Power Device
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** 1 Under Development
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Power MOSFET Revolution

Charge Compensation Principle
High-Doped n-Region / p-Columns
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Evolution of IGBT

Technology

power electronies in mation

BUPEC

600V IGBT?
First IGBT Rated for
T]- =175°C

IGBT Chip Development Trend (600V)
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[ Future }
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SiC Power Semiconductor

Devices

Advantages SiC / Si

SiC Rectifier Diode
Probe-Tested at
600°C

Bandgap (eV@300K) 2.9 /1.1
Max. Operating Temp. >900/ 425
Breakdown Voltage ( 106V cm& 4 /0.3
Thermal Conductivity (W/cm.K) 5/1.5
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SiC Power Semiconductor

Devices

Challenges

Cross section

SiC Wafer Defects -
Micropipes and Screw
Dislocation

<5/cm?

Low Processing Yield
Defect Density
Required for
1200V/100A Devices
<3/cm

2002 SiC Wafer
Production Capacity
94% US Share

High Temperature
Packaging Techniques

Compatible Gate Drives
and Passives

VIDE 2004 ——
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SiC Power Semiconductor
Devices

SICED

& Siemens Tompany

SiC Schottky Diodes 600V  35A
1200V 25A
1700V 20A

SiC J-FETs 1200V 5A /10A

1800V 3A/ 8A

Eidgendssische Technische Hochschule Zirich

600V SiC Schottky Diode

Positive Temp. Coefficient of V
No Reverse Recovery Curren{

T=125°C, Vpc=400 V
1:=6 A, dildt=200 Alus

N\

L,

-

N_|/
\/

— SiC Schottky diode: SDB0BS60
___ —— Sipin double diode (2°300 V)
— Ultrafast Si pin diode

2A/div 30ns/div

Swiss Federal Institute of Technology Zurich
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Si Power Semiconductor
Development

—-— Scribe

Active—

Reverse Blocking
IGBT

Ra a-Front runners

ithi Dual-
Monolithic
Bidirectional G Gate IGCT
i ABB

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich
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Future Developments

System Design Integrated
Multidisciplinary
Modeling and Analysis
C1rcu1t/Control/Thermal
Electromagnetic/
Mechanical CAD

Power Density W/dm3 —
50kV\//dm3

OPD=0Output power/power converter volume

glOO Matrix converter ptoposed

~ by Prof.Takahpshi

2

= 10 7

= HEV

5 [

o .

1 | Boardtype S.R. @ Inverter for

¥ . o air conglitioner

g General purpose o

=y inverter OO

3 %rllil type S O‘

e i —1 10-30W|cm? +—

©o.01 Year
1970 1980 1990 2000 2010 2020

Eidgendssische Technische Hochschule Zirich

Swiss Federal Institute of Technology Zurich

Solid Body
Geometry
(I-DEAS)
Change
Geometry lGeometry

Electromagnetic
Parameter Extraction
(Maxwell Q3D)

Change

<-.
.
.l

Results

conu'ol

G-

Program
and Data Flow

Parameter 1" C.R / (ISIGHT)

Electrical
Circuit Analysis
(Saber)

Device Device
Temp. Loss

Thermal Field
and Flow Analysis
(I-DEAS Thermal)

< control

4"‘ Temperatures
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Advanced Packaging and
Active Cooling Schemes

Power Loss Density  100...1000W/cm?
High Ambient Temperature Applications
High Junction Temperature WBG Devices
Advanced Packaging

Forced Liquid Cooling
Spray Cooling, Shower Power,
Micro Channel Heat Sink

Eidgendssische Technische Hochschule Zirich VDE 2004 -

Swiss Federal Institute of Technology Zurich
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Power Electronic Systems
Laboratory

ovss gt FLPE

European Ss . Q
. ° - Q 3
Engineering &8 SF = 2% 2 %%%
Center for &s g _ 5o )
Power g8 / g9 \%{2 2% %

3 & o S S
Electronics § $ 2 gl % 5%,

. 3 X
Founded in = 2%
2003 Life Time Reliability
Recycling

14 Industry Manufacturability
Members High Temperatur

Modeling/EMV

Pre-Competitive

3D passi
ECPE Demonstrator P B

Program in ; 3
Collaboration with . Sl I PE-Gircuits % 3
University Competence s Electronics 2

Centers Ultra High Power Density

Demonstrator: Power Supply (50W/cm?)

Eidgendssische Technische Hochschule Zirich VDE 2004 -
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Three-Phase 1-U Power Supply Module

FELPE

Specifications 10 kW

3-O 480V,
800 Vi,
500 kHz
10 kW/dm?3

COOLMOS / SiC-Diodes
Micro-Channel Heat Sink
High-Speed DSP-Control
Flat Magnetics

HBW & CMR Current Sensing

Eidgendssische Technische Hochschule Zirich
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Partitioni f th
an\:e]lgg:w%?umee /:[F E

f—

EMC Input
Filter

Main Share of Passive

Components
Increase of Switching Frequency Electrolytic
Active EMI Filtering Capacitors

ETH
VDE 20046 ——
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Power Electronics
Research Centers

#&D
N
0

e ST

Center for Power Electronic
Systems, USA

Consortium of 5 Universities

70 Industrial Partners

IPEM Approach, Research on
Fundamental Knowledge/
Enabling Technology/Engineered
Systems

PERC, Power Electronics Research Center, Japan,
coordinated by the National Institute of

Advanced Science and Technology

Industry-Academia-Government Collaboration

Research
Research focused on Ultra-Low-Loss Power

Device Technology (SiC, GaN)

VIDE 2004 ——
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Future

Power Electronics is the Key
and Enabling Technology for all Kinds
of Electric Energy Utilization !
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