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Role of Power Electronics for Energy Efficiency:

" Precise and High Efficient Control of Flow of el.Energy

® Ultra High Power Density Systems

" Elevated Operating Temperature

® System integration (ME & PE & passive devices & thermal management)

" Highest Reliability and Ruggedness in the whole Energy Supply

(infineon
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Outline

=Introduction
=*General Development Trends of Power Devices

=High Power Devices
=> Chip Development
=> Ruggedness & Reliability
=> Development Trend
=Fast Switching Devices
=> SJ-Technologies
=> SiC-Devices
=> GaN-Devices
=> Challenges in Application

sSummary



Multi-Technology-Integration (iﬁeon

high frequency active and passive components, technology, multi-functional

integration, packaging and multi-domain modeling and simulation

Volume State-of-the-art

Source: FhG, ETH




Good News is that ~ 1/3 of the Global —
f
Energy is Used as Electricity e

While debate continues over the environmental impact of different
means of electricity production, its final form is relatively clean & it is
one of the easiest means of transporting energy over long distances!

Global energy consumption 2008 Global electricity consumption 2008

17.4 million GWh
. usA

EU

Electricity China
4.5 \/ Japan
Others
\ 0.9 Russia
0.5 0.6

Canada India

~1/3 of global energy USA, the EU and China are the
consumption is electricity largest consumers of electricity

Sources: BP World Energy report; Energy Information Administration (EIA) — International Energy Statistics, 2010
EU includes all 27 member states of the EU (http://europa.eu/abc/european_countries/index_en.htm)

Set date Copyright © Infineon Technologies 2010. All rights reserved.



Application for Power Se
Components

Capacity of the converter system 1
HVDC

1GW 7

Reative compensators AC-AC interties

100 MW
High current supplies large drives

10 MW 7

Heavy locomotives
1 MW
Large solar power plants trams, busses

100 kW
Electric cars

10 kW

1 kW
Switched mode power supplies

miconductor

(infineon

A

Year 2005

endency  the higher

the converter capacity,
the lower

the switching frequency

BT @—ﬁgh power

Medium
power

T

Low power

100 W
Semiconductor switching frequency

Source: IPEC 2000
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_Smaljt Grids: advanced power control, a0
intelligence and communications (nfineon

(B Integration of
renewable energy

M Advanced
transmission

Grid monitoring
and control

Energy storage
and EV-charging

Smart metering
and appliances

Efficient
consumption
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Evolution of grid design —
Inf
From traditional to future grids —

« Centralized power generation
« One-directional power flow
« Generation follows load

» Operation based on historical experience

= Limited grid accessibility for new producers

traditional grids

—~————

» Centralized and distributed power generation

- Intermittent renewable power generation
» Consumers become also producers

= Multi-directional power flow

» Load adapted to production

« Operation based more on real-time data

future grids

Source: ABB

07.10.2012



As consciousness on reneyvable energy grows, -
so do the windmills & their output power! nfineon

)
T3 =35m
=22ml

LT R T e

1987 - 1990 1993/ 1994 1996 / 1997 2002 / 2003 Cologne 2007 — today”
1. Generation 2. Generation 3. Generation 4. Generation cathedral 5. Generation
30 - 165 KW 225 - 500 KW 1.000 - 1.500 KW  2.500 - 3.500 KW 6.000 KW

BA R D OffS h ore 1 (Germany‘s first off-shore wind park)

Location: 90 km northwest of Borkum, North Sea, Germany

Key data: = 80 wind turbines of 5 MW each
= 400 MW total power generation
= completion expected end of CY 2010

Components: Power module IHM 1700V

*) Source: Siemens Renewable Energy Division, 2009



Six technologies based on Silicon Carbide and Cinfineon

Silicon, enable excellent energy conversion

Inverter n ~ 99%
600V IGBT3

Loouicers L200veC
Rectifier

IGBT = Insulated Gate Bipolar Transistor
EC = Emcon™ Diode
SiC = Silicon Carbide component



PV-Inverter Efficiency (afineon.
Efficiency of transformerless PV inverters (5 kW, 16 kHz)

SiC transistors,
three level topologies, 100
HERIC, H5, 3~NPC

IGBTs, l
three level topologies,
,-""'_—_ L —

w
o0

R
HERIC, H5, 3~NPC % 96
or _E_.
SiC-transitors, uH:gJ 94
two level topologies,
H4, Bé 92

g%] 0.2 0.4 0.6 0.8 1
Relative AC Power
Source: FhG ISE Confidential
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Valve Hall Moyle (2 x 250 MW HVDC Station) —
fully equipped with light-triggered, BOD protected thyristors (Infineon
ablée

2 converter stations (1 in Scotland, 1 in Northern Island) connected by sea c

=
=

=
"S

/7
Copyright © Infineon Technologies 2010. All rights reserved.



Semiconductors Play an Important Role in —
Inf
the Whole Electrical Energy Supply Chain (nfineon.

Energy generation Energy distribution Energy consumption
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Power
Semiconductors

Copyright ©
Infineon
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E-Mobility: A Total New Vehicle —
Inf
Architecture (Infineon
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The vehicle electrification: —
Inf
a wide range of architectures =

Parallel Hybrid + Regenerative braking
» Torque boost
Serial Hybrid - Low / part speed electric drive

Serial - Parallel Hybrid

12V board net

» Emissions at Start & Stop
« Control of transient
 Safety critical X-by-wire

* Vehicle stability -> ESP

» High voltage

* Need of cabin heating

* Need of cabin cooling

27-01-2011
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Outline

=General Development Trends of Power Devices



Pov_ver Semlcor!dL_lctors - Overview e eon
Main characteristics: Power vs Frequency L—/

Power [W]

UItra hlgh power

1G

100 M

___________________________________________________

10 M

1M

100 k

Thyristor

10 k

—————————————————————————

1k
MOSFETSs

| ARSEESSR R

100 '
10 100 1k 10 k 100 k 1M 10 M 100 M

Frequency [Hz]
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50% Loss Reduction
VCEsat(125°C) [V] @ 75A

Efficiency and Increased Power Density !
Leads to Reduction in Losses, Increased Temperature

GEN1l GEN2Z2

GEN 3

GEN 4

GEN 5

(infineon

3.57

3

180um

2.5

| E: H g
r 140um

1

1988 1992 1996 2000 2004 2008 2012

Source:Infineon Technology
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Features > IGBT Chip Technologies

Qnﬂnann_

IGBT1/2
Non Punch Through

IGBT2
Field-Stop

Punch Through I

i hasis (2pi)

i+ buffer (e pil

frerniter (substrata)

Collactor

Discontinued

Erritter ¢  GatE

E
B s

t” basiz [ubstrate)

Colector

Advartage
* Implanted back-ernitier

hetter adjustable

Performance
» Lower switching lossas

= Higher switching robusthess

Emirer Gate ¢

Advantage
* Implanted Back-Emitter

* Implanted Fieldstop—
enables thinner base

region

Performance
+ Lower VCEsat

*Lower Switching Losses
* Robustness like NPT

IGBT3
Trench + Field-Stop

h basis [substrate)
f fiel d-2top

Advantage

» mplanted back-emtter

* Implanted field-stop—

Perfarmarnce
o [ owger

CEsat
» Lower switching losses

» Robustness like IGET2

erables tinner basa region

1GBT4
Trench + Field-Stop
(Gate

hbasis [substrate)
fi fiel d=stop

Collector

Advantage

» Optirnizet Ry iguion —
» Adjusted Backsde ——
Pedormance

» Lower switching losses

» [ncreased softness

s Rohustness like |GBTS

Latest



NEW INNOVATION - -
Inf
Reverse Conducting Technology for Drives lnfineon
I IGBT RC-IGBT

Cathode

Emitter Gate

Collector

Emitter Gate

Collector

B RC-D: Infineon now offers the free wheeling diode monolithically
integrated into the TRENCHSTOP IGBT-die for hard switching

applications (Reverse Conducting for Drives)

B Same DC current rating of diode and IGBT

B This leads to current classes [<15A] being available in new package

classes.



IGBT Technology selection

(infineon

Punch Through

Non Punch Through

TRENCHSTOP™

TRENCHSTOP™ 5

(ROW: 1988)

(IFX: 1990 ROW:1997)

(IFX: 2000 ROW:2006)

(IFX: 2012

Emitter Gate

Emitter Gate

Emitter Gate

Emitter Gate

I

-E -E -E -E
<+ <+ <«
— — - 10
n- basis n- basis
basis epi " basis —
n-basis (epi) I
v
n* buffer (epi) I
Collector
p* emitter Collector
(substrate) v I
Collector - .
vantages Advantages
b . INNEr Base Region Carrier Profile Optimization
better adjustable Performance Performance
v Performance Lower VCEsat
Lower Switching losses Lower Switching losses Very low VCEsat
. - Very low switching losses
Collector Higher Switching Robustness like NPT y 9
Robustness

07.10.2012




infir
The TRENCHSTOP™5 Family Structure Cafineon

TRENCHSTOP ™5
High speed 5 — "H” High speed 5 FAST —"F”
High speed variant Highest efficiency
Resonant variant “R” Low Vce(sat) variant “L”

Induction Heating Solar



Short circuit operation (infineon.

Destruction after the sc pulse

Vdc . !
Ve } .
e el 1000V,
R (waggmw P | 1A/div
Stray ! .-,. ..% 4{ . |:. i M 50“S/d|\j
. AR A PO I ort Circuit Tumn-o 2 TR WSS PR 8 —
inductance N _45/ Sho G Tum o 0 i R R
L e 1 M
o= Peak Shor: Gircuﬂ Curreni ; : 5
T Ve 20V/diV Vg 200Vidiv 1, 500A/  time: 2usec:r‘dw O %D 10 TS0 200 20 00 30 40 40 s
\ B Especially thin (600V .. 1200V) IGBTs
are failing in this mode if the allowed
short circuit time is exceed

B Thinner silicon / high channel width
[0 Reduced power losses
Source: ISPSD 2010 [0 Reduced short circuit capability



s . : infineon
Reliability: modules failure mechanisms (nfineon

degradation of _
chipmetallization Wire bond lift-off

\

Degradation of

chip solder \

DBC solder joint £ 1 DTk |

Sichip = IGBT

\‘{' \“ i ] \“ﬁi'v S OR* ak

K /
- %
ZfM-IZM/Hobelt NTV-3G —10 um —

i’ - -
ZfM-IZM/Hébelt NTV-8G

degradation of Degradation of

wire bond lift-off chipmetallization solder joint cracking chip solder



Future power module with .XT technology dafineon

Standard Technology &‘) technology

Chip-to-substrate joint

Soft soldering with
SnAg paste

Diffusion soldering

Front side interconnect

- Cu wedge bonding
. Al wedge bonding

Subsjrate-to-base plate joint

High reliability system
soldering

Soft soldering with
SnAg pre form

base plate

Page 24 08-03-2011



gsg/teelrc])qpsment Trends for High Reliable -

Future Power Electronic
System Trends

Higher Efficiency Higher reliabilty

New semiconductors
technolgy

New package
technolgy

SI/SiC/GaN XT/Sinter




Where does the non-linearity in Cds and

Cgd come from?

ho

ectron urre.!!t )

(infineon

» Fast expansion of space charge region
(SCR) from large area lateral pn-junction:
high drain-source area at low voltage, strong
decrease in area and increase in SCR width
as a function of voltage

» Full depletion of active area at around
1/10th of nominal breakdown voltage

» High voltage limit of output capacitance
given by width of SCR and active area of chip

» High voltage limit of reverse capacitance
given by width of SCR and area overlap gate-
to-drain



Infineon is contributing to efficiency targets fro
Inf
the power semiconductor side with CooIMOSTM..r_TQEEO/n

1000
2nd gen SJ C3
900 7/
1st gen SJ
S 800
a conv. MOSFET
G
© 700
>
g 3rdgen SJICP / /
O
> 600 M # Infineon CoolMOS -
<& next best competitor, SJ
500 —
conventional MOS
400 ‘ | ‘ | ‘ i
0 200 400 600 800

RDSon max in TO220 [mOhm]

confidential



Comparison di/dt of CoolMOS C6 vs C3 and CP @
190 / 199 mOhm types, Rg 3.3 Ohm, Tj=125° C

5000 -

4000 -

3000

2000 |

di/dt [A/ps]

1000 -

di/dt di/dt di/dt di/dt
on@5A on@16A off@5A off@l6A



Choice of Device Concept:
SiC MOSFET vs SiC JFET

Gate-Source-Insulation 0.5 1.6

Source Contact

80 nm
ate oxide
p-Well  p+-contact Source p-Channel

area

Poly-Si Gate

Epilayer (6x10%> cm-3)

4H SiC Substrate

Drain Contact
17.0 pm (-25 %) "

JTE-Termination

@ ’ 7

Driftzone

Drain

Page 29 Copyright © Infineon Technologies 2010. All rights reserved.

Pro: normally-off

) Pro:

con:

(infineon

10 pm Con: channel mobility

Oxide interface stability

Reliability
Performance

confidential

normally-on

07.10.2012



Cinfir
Channel mobility and treshold issue heot

( 25°C 4

/ / SiC MOSFET:
/| | - Weak subtreshold characterisitic

4
© / ! / - High Millerplateau level, low gfs

-4 f— —-——| - Strong gate drivers required
T 71159/c
7
v S
/ |
/{ silicon
- SIC MOSFET

J 2 4 6 8 10 12 14 16 VW 20

— = Vge



infineon
Challenge normally-on: Cascode concepts (ofineon

Cascode Cascode light
Normally off best efficiency
Advantage
3 terminal device direct control of JFET
no feedback from JFET to Gate of LV MOS normally on
Disadvantage High capacitive charge from LV MOS negative drive voltage required

Injection of body diode Qrr in reverse operation

LV MOS still needed as safety valve

Gate
driver

Gate

driver

Power

good



Direct driven schematic for SiC JFET (iﬂ]eon

p-channel based solution

ctrl
i
GD2 GD1 ngml
] 4
N\
Vol O | 1 M
\\ .
Is;z::;a F ) [
IR I
D1 Y/ — __gm3
[
I
I-sgm4

Confidential



The p-islands make the difference for the 2nd generation, (imeon
substantiallly reduced solder resistivity for the 3rd gen!

Schottky contact metallization
edge termination /

/
Schottky current l 1 1

Blpolar boost

Epitaxial n- drift layer

Epitaxial n+ field stop layer

High conductiy] > SIC Substrate
+ Leadframe
2 +——— W Solder

Rth,j-c (°C/W)
=
a1

=
|

o
(&)
!

o
I

2G 8A 3G 8A

confidential



Comparison of Si & GaN devices Cinfineon

GaN vs. Si Switching Transistor Benchmarking

GaN transistor Si MOSFET
conduction losses (600 V) | Rpgon * A 0.001 Qem? 0.01 Qcm?
switching losses (200 V) | Rpsen * Qg 200 pVs 2000 pVs
temperature dependence | Rpg,,(125°C)/ | 1.5 2.2
Rpson(25°C)
maximum junction T imax ~300°C 175 °C
temperature
-2 reduced chip size - reduced reverse recovery current
; 104 [ I B
Same on-resistance :'u'linimum on-resistance FET sty —\ GaN Switch
n tha world #
S — Normally off type GaN FET ‘ ~ e
EEEEE
[(H3E3C3C3(CT 800V 10m0)
1 o o | _
BEEEE £ J
I I | E 20
HEEEE E
EHEEEE E o
DDEDD E an.  ==0GaNFET Body Diede Si Switch
I:”:“:I:”: —CoolMOS Body Dicde
= Normally off A chp PRl onnecon Al ! ! ! ! ! ! |
ﬁﬂ?]'r;lMEiSﬂF}EIip m?ﬂar?\EEnInip % TO- 247 PKG AS0 A0 500 15.;:1”::}” 130200 250 300
Sanken, ISPSD "09 IR, APEC 10

Source: Leibniz Insti. Confidential
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Fast Switching Power Transistor in Applicati@

u-Electronic

® |- ©

@ %

Icm

14.8ource:Infineon Technology

Parasitic Components in Circuit-Topology

N
A o
B P

Loe= 4nH (2+2); Lop=2nH

o S—

Log= 110nH (90+30); Lop=30nH

Solder

i
M ) 20.um 220 pm
(T) Transistor 300 ym
@ Driving 600 pm
@) Energy Transmission 300 um
®) Information Transmission So'der ------- 100.um
7 Cu-heatplate #3000 um

@) Isolation

Page 3¢ %L “Tooonst 10 pm
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