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Electrification + Electronics = Power Electronics
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ﬁ‘ﬁmm‘ﬁ NCREPT’s Mission and Research

National Center for Reliable Electric Power Transmission

Mission:

To impact the lives of Americans through industrially-relevant
research and education in future energy systems involving
advanced power electronics

Research Focus:

Design and test of advanced, solid-state solutions applicable to:

« Control technologies for the nation’s power grid with a focus on
grid reliability

« Power interface applications that allow diversification of power
sources to the grid

e Transportation (automotive, aerospace, traction) and other
extreme-temperature power electronics applications “under the
hood”

 Energy exploration and geo-thermal applications (down-hole
electronics)
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ARKA SA What IS Power Electronics?

National Center for Reliable Electric Power Transmission
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State of the U.S. Energy Industry

National Center for Reliable Electric Power Transmission

ELECTRIC

38 Quads Processed
25.5 Quads Lost

= 67% Electric Waste
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Livermore Labs: https://eed.lInl.gov/flow/

Useful Energy

TOTAL ENERGY
97.9 Quadrillion BTUs Processed
55.1 Quads Lost as Energy Waste g
= 56% Enerqy Waste
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&ﬁmvmsw‘fﬁ” State of the U.S. Energy Industry

National Center for Reliable Electric Power Transmission

o Greater than 30% of all electricity generated is processed
by power electronics...and growing to over 80% by 2030

* This 30% equates to $300 billion in energy that is processed
by power electronics annually

 Average power electronics system is 70-90% efficient
(i.e. up to $60 billion in wasted energy annually).
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Power Electronic Applications

National Center for Reliable Electric Power Transmission
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ﬁ Uﬁ”“g‘ﬁf Research Activity at NCREPT

National Center for Reliable Electric Power Transmission

Future Power Systems Research Activities

PE Design IC Design Modeling Packaging Sensors & Controls Test

S

“Materials to the Grid”
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B ARKANSAS NCREPT’s Research and Value

National Center for Reliable Electric Power Transmission

What Makes NCREPT Unique:

 Currently, NCREPT is the only user test facility to offer
programmability and reconfiguration options at 6 MW.

* Vertically integrated services from basic research through
application prototype development and testing (modeling,
design, materials and packaging, prototyping, testing,
Industrial collaboration)

* High quality collaborations with partner institutions
« UALR — Alex Biris, Jing Zhang
e ASU — Robert Engelken, Paul Mixon
« UAFS — Kevin Woolverton
« UAPB — Monsour Mortazavi

e Students at all degree levels

Alan Mantooth, University of Arkansas
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ARKANSAS Prototype Test & Evaluation Facility

National Center for Reliable Electric Power Transmission

7000 ft2 building
$4.5 million test facility
One-of-a-kind

Cost-effective facility for
businesses, national labs,
and universities

Ribbon-cutting Oct. 31, 2008!

First commercial customer
began testing 1.6 MW device
Feb. 2, 2009

Purpose: Acceleration of
advances to the grid

Alan Mantooth, University of Arkansas
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UA Test Facility

National Center for Reliable Electric Power Transmission <
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UNIVERSITY OF

ARKANSAS Example Power Electronic Module

National Center for Reliable Electric Power Transmission

SiC Power Modules (actual photos)
» Collaboration with APEI Rohm, Sandia
» Built and tested
» Demonstrations

» Recarded data
» R&D 100 Award Winner (2008}

LTCC Driver Boards

DBA Power Board

MMC Baseplate
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National Center for Reliable Electric Power Transmission

NSF Industry/University
Cooperative Research Center

GRid-connected Advanced Power
Electronic Systems (GRAPES)
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Field Test and Evaluation

System Analysis &
Integration

Power Electronic
Prototyping

Advanced Controls

Circuit Design

Modeling and Simulation

Electronic Materials &
Packaging

Alan Mantooth, University of Arkansas

The GRAPES Solution

National Center for Reliable Electric Power Transmission

End users of grid-connected advanced power
electronic systems or demand-side controls

Research
lteration

Power Devices

System
Requirements

witch Gear
Products

Inductors

Capacitors
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Arkansas Can Address this National Problem
Based on 4 Areas of Strength

The Only Center in the
U.S. with reconfigurable
power to emulate
Connecting Alternative
Energy Sources to the
Grid

The Best Design and
Fabrication of High
Power Electronics in
the Country. This is
Needed to Connect
New Photonic sources
to the Grid

Unique Electronic
Packaging Center
Which Produces High
Density Electronic
Packaged Devices

One of the Most
Productive
Nanostructure
Growth and Imaging
Facilities in the
Country

Alan Mantooth, University of Arkansas

v Unique 6 MVA Test & Training
Facility

v Accelerates Technology Transfer

v Equipment funded by DoE, NSF,
& UA

v User facility for low-cost research
prototype test and evaluation

\/ Delivers power electronics for use
now

v Symbiotic relationship with
industry (Arkansas and beyond)

Vv Involved in next generation
defense systems

v/ One of only two Packaging
Facilities at a University in the
country

v Complete design, fabrication, test,
reliability, and inspection
capability

v World recognized leadership

\/ Largest supplier of nanostructures
to other research ingtitutions in the
country

v About 200 Publicationsg/yr

v Over 4000 Citations/yr

v Hold over 10 Patents

\V/ 4 spin-off companies with over 40
employees

Vv 10 NSF/DoE grantsin place

In 2008-09:

Ribbon-cutting Oct. 31, 2008
First commercial user Feb. 2009
U.S. Navy all-electric ship

I'n 2008:

Texas Instruments Engibous Prize
25 Refereed papers

5 patent disclosures

1 |IEEE Fellow

/~ |n 2008-09:

R&D 100 Awardee

1 Society Fellow

1 patent disclosure

New key industrial partnerships

<
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7~ |n2008:

Most Outstanding DoE Project

32 Applied Physics Letters (APL)
12 Physical Review Letters (PRL)
1 Nature

5 Nano Letters (NL)

11 Journal American Chemical
Society (JACYS)

\ 7 Optics Letters (OL) 16



ARKANSAS  VICTER’s Unique Approach

National Center for Reliable Electric Power Transmission

Biris, Chaudhury,
Engelken, Ghosh,

Johnson, Kannarpady, Balda, Balda,
Li, Manasreh, Ang, Mantooth, Ang, Mantooth,
Mortazavi, Salamo, Malshe McCann Malshe McCann
Tian, Zou

ADVANCED
NANOMATERIALS POWER

*Quantum Dot Arrays ELECTRONIC Packaged
-Composite Nanoparticles Packaged PR e Low to High Emulated

«Carbon Nanotubes [ new [ — 3
_ . — \/0ltage POWER
«Nano Thermoelectrics Photovoltai Design & :
I OIOOllE G Assemb|y of COI’lneCtIOI’l GRID

*SiC, GaN High Power i
Materials - LIS Packaged Systems

Thin Films Devices Into

N/

ASU, UAPB, UALR, UAF
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