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What is Power Electronics?

Efficient Conversion,
Conditioning & Control of
Electrical Power



Using Power
Semiconductor
Devices




ower Conversion?

Incompatible

Source and Sink




Conversion Functions




The Switch Matrix




Restrictions
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Switch Can't be Closed!




Switch Can’t be Opened!




Source Must Be Dual To Sink
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Voltage Current

Source Sink
(inductive)

Power Converter (Buck)



Source Must Be Dual To Sink
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Current Voltage

Source Sink
Power Converter (Boost) (Capacitive)




Passive Elements
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L: Current-Stiff Element
Can interface two
voltage sources

Source : Wikimedia Commons



Passive Elements
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C: Voltage-Stiff Element -
Can interface two
current sources
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Power Switching Devices

. MOSFETs

o IGBTs
B SCRs
Source : Wikimedia Commons GTOS
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Part - i
The Evolution



History

Triodes/Diodes as variable resistors
(gate control)/current Control




History
1925-28:

The First “Inverter” using
triodes as switches

(D. C. Prince, GE)

Source : Wikimedia Commons



Semlconductor Dewces

Thyristor
1970s 1956



Modern Power Devices

Ruggedness
Controllability




Modern Power Devices

Switching Time
Losses ii\ii




Punch Through Non Punch Through TRENCHSTOP™ I G BT s
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Emitter Gate Emitter Gate Emitter Gate
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Collector
Advamages Advantages
Implanted Back-Emitter batter Implanted Back-Emitter
adjustabile Thinner Base Region
Performance Performance
Lower Switching losses Lower VCEsat
Higher Switching Robustness Lower Switching losses

Collector Robustness like NPT

Source: Digikey/Infineon




Modern IGBTs
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Infineon Module
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MOSFETs

Source Source
and Body and Body

Planar
MOSFETs

(Conventional)

M + Substrate

Source: www.eenewspower.com



Modern MOSFETs

Source Source
and Body and Body

Superjunction
MOSFETSs

N Epi

N + Substrate

Source: www.eenewspower.com



Modern MOSFETs

Canvinticaal Flanar MOSFET : Al + A3
Superjunction MOSFET A1+ A2
If A2=A3, both the MOSFET: have the same biocking voltage
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Challenges

* Packaging
- Wafer Handling
- Low R,

- Low L,



Wide Bandgap Devices

SiC
GaN

Property Si SIC
Band gap energy (eV) 1.12 3.26
Breakdown electric field 2x10°  2.2x10°
(Vicm)

Thermal conductivity 1.5 4.56
(W/cmK)

Maximum junction 200 600

temperature (°C)

Source: Nagarajan Sridhar, “Power Electronics in Automotive Applications,” White Paper, Texas Instruments, 2013



Gate

kb Si ntaub Sipesub

SI-DMOS Si Super Junction MOS SI-IGBT

Rated voltage Rated voltage Rated voltage
Speed Speed Speed
resmta nce resmta nce resmta nce

SiC nesub

Drain

SiIC-DMOS

SiC

Rated valtage F E I s

ON- Speed
resistance

+ High-temperature
operation

Source:
micro.rohm.com



High-end High-end
solutions solutions
Middle-end Middle-end
solutions solutions
Low-end Low-end
solutions Silicon / foeil Silicon solutions Silicon / Nwtion Silicon
MOSFET MOSFET -
' 200v 600 V 200V ' 200v 600 v 1200V
What Yole Developement showed in 2011 as future view A SiC supplier’s view of future

Super
sowend | siticon Super Junction MOSFET o | siticon sunctin /m,
200v 600 v 1200v ' 200v 600 vV 200V

A Super Junction supplier’s view of future Now that 600V GaN-on-Si is qualified, a GaN solution supplier’s view for future
Source: www.pntpower.com




The Old Question
MOSFETs Or IGBT?

Voltage Rating >1700V, <400V

Switching Frequency kHz, MHZz?



The New Question
SiC Or GaN?

MOSFETs or IGBTs?



Control/Modulation
Mature * PWM
e Predictive

Some Future Directions ® Heuristics based

e Model Based Control



Future Trends



What remains the same?
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* Bridge (2-Level, 3-Level)
 Interleaved Topologies

e Soft-switching (ZVT - LLC)

* [solated Low Power Topologies
* Dual-Active Bridge (DAB)

e Current-Fed Dual Topologies

Architectures!
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Interleaved Boost
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LLC Converters

Switching
Network

Resonant Rectifier




Isolated Low Power Converters
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Integrated Low-Power DC-DC Converters

Source: Murata Power Solutions
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Isolated High Power Converters
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Dual Active Bridge



What remains the same?

Magnetics

Materials

Limitations

Source : Wikimedia Commons



Some Modern Trends

Geometry:
Planar, PCB

Source : Wikimedia Commons



Application Areas



“Technology Space” in PE
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Source: J. D. van Wyk & F. C. Lee, “On a Future for Power Electronics”, IEEE Journal of Emerging and Selected Topics in PE, Vol. 1, No. 2, June 2013



New Areas

e Smart Grid: Evolution of Power Grid
e Distrbuted Power Systems

* Transportation: EVs, HEVs, More
Electric Aircrafts, Ships.



Electric Vehicles

« Regenerative braking (AC/DC)

* On-board charger (AC/DC)

* Dual-battery system (DC/DC)

« Battery management for Lithium-lon (Li-lon) batteries
« 48V-12V bi-directional power supply

400V Battery Systems

* Bi-directional 400V-12V power supply (DC/DC)
* Traction motor (DC/AC)



New Targets
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Power density [ KW/ em®]

New Targets
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New Targets

 Power Density
e Efficiency

e Costs



New Paradigms

e Power Conversion -> Ay

Energy Management ‘wﬂ

 Converters -> “Systems [

e Life Cycle Costs

Source: mathisfun.com



Summary

* Trends in a mature field influenced by
external factors

* More emphasis on system level
design and optimization
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