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greater than 3,000 atmospheres in order to grow bulk GaN
crystals.> The ammonothermal GaN crystal growth meth-
od is adapted from the hydrothermal method used to grow
quartz crystals, which are very inexpensive and represent
the second-largest market for single crystals for electronic
applications (after silicon). Soraa successfully demonstrat-
ed growth of GaN crystals that are over two inches in diam-
eter at a rate of at least 10 microns per hour, and the fab-
rication of 2 inch GaN wafers from the crystals (Figure 7).
The wafers met Soraa’s target specifications for LED crystal
quality, dopant levels, dislocation density, miscut, and sur-
face roughness. Soraa has also shown that with additional
processing steps, they have the ability to make wafers with a
dislocation density less than 1x10* cm2, a breakthrough that
will enable higher-performing power electronics devices with
a breakdown field greater than 3 MV/cm for GaN.

Inthe SWITCHES program advances were similarly achieved
in the UWBG material diamond. SWITCHES projects focus-
ing on diamond by Arizona State University and Michigan
State University have demonstrated thick (>1mm) diamond
growth by CVD and doping of diamond with >10% cm-=2boron
and phosphorous for p+ and n+ layers, respectively. Using
the advances in diamond growth Schottky and p-n didoes
with >1000V blocking and 100-500 A/cm? forward current
were demonstrated.*?4* These achievements have yet to
reach program targets, but are nonetheless foundational in
the pursuit of ultra-wide-bandgap semiconductor devices.

The projects in the SWITCHES program have made tremen-
dous advances in materials development, vertical device
architecture, and low cost device fabrication. The SWITCH-

] . Figure 7: 2 inch GaN crystal and wafer fabricated by Soraa’s
ES program set out to achieve three key aggressive tar- process (from ref 44)

gets: 1200V breakdown, 100A single-die current, and cost

of packaged discrete device of no more than ¢10/A. The program is drawing to a close by the end of 2017 and
while no project has yet to achieve all the targets of the program, the portfolio of projects are well underway to
achieving these targets communally.

40 R. McCarthy, “High-Power Vertical-Junction Field-Effect Transistors Fabricated on Low-Dislocation Dislocation GaN by Epitaxial Lift-
Off” Presented at 3 Annual SWITCHES Review Meeting, Philadelphia, PA, March 2017

41 “Lower Cost GaN for Lighting and Electronics Efficiency” Advanced Research Projects Agency — Energy Project Impact Sheet,
(March 2016) https://arpa-e.energy.gov/sites/default/files/documents/files/Soraa_Open2009_ExternallmpactSheet_FINAL.pdf

42 M. Dutta, F. Koeck, W. Li, R. Nemanich, and S. Chowdhury, “High Voltage Diodes in Diamond Using (100)- and (111)- Substrates”,
IEEE Electron Device Letters, vol. 38, no. 5, pp. 600-603, 2017, DOI: 10.1109/LED.2017.2681058

43 S. Nicley, S. Zajac, R. Rechenberg, M. Becker, A. Hardy, T. Schuelke, and T. Grotjohn, “Fabrication and characterization of a corner
architecture Schottky barrier diode structure” Phys. Status Solidi A, vol: 212, no. 11, pp 2410-2417, 2057, DOI 10.1002/pssa.201532220
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ADDRESSING MATERIAL CHALLENGES - PNDIODES

Many SWITCHES project teams experienced a major obstacle in fabricating vertical GaN power electronic de-
vices specifically the lack of viable GaN selective area doping or selective area epitaxial regrowth processes
that yields material of sufficiently high quality to enable defect-free p-n junctions on patterned GaN surfaces. An
example is shown in Figure 8. In GaN selective area p-type doping has proved elusive, because the most obvi-
ous approaches, such as laterally patterned ion implantation with activation or selective area diffusion of p-type
dopants (e.g. Mg, Be, Zn), have not produced p-type regions or satisfactory p-n junctions. Furthermore, selective
area etch and regrowth approaches have resulted in poor electrical performance not sufficient to be useful in
power electronic applications. A breakthrough is needed to enable high performance vertical GaN transistors.
This specific remaining challenge to the SWITCHES program prompted the announcement in late 2016 of the
Power Nitride Doping Innovation Offers Devices Enabling SWITCHES (PNDIODES) program. The PNDIODES
program aims to develop transformational advances and mechanistic understanding in the process of selective
area doping in the IlI-Nitride wide-bandgap semiconductor material system. The expectation is this will lead to
the demonstration of arbitrarily placed, reliable, contactable, and generally useable p-n junction regions that en-
able high-performance and reliable vertical power semiconductor devices.

Seven projects were selected for funding as part of the PNDIODES program. The project teams will work to de-
velop transformational advances and mechanistic understanding in the process of selective area doping for GaN
using innovative technologies. Projects led by Arizona State University, Sandia National Laboratories, and Yale
University, will focus on selective area doping using patterned etch and regrowth technology. They will attempt
to obtain a deep understanding of the process, including various etching methods, interface impurity control,
and the effect of crystal growth direction. Projects led by Adroit Materials, JR2J, and State University of New
York Polytechnic Institute, will focus on selective area doping using ion implantation and innovative annealing, or
heat treatment. This will include processes such as laser spike and Gyrotron annealing to remove implantation
damage and activate the dopants. The remaining project led by the University of Missouri will focus on the de-
velopment of neutron transmutation doping, exposing GaN wafers to neutron radiation to create a stable network
of dopants within, to fabricate a uniformly doped n-type GaN wafer to achieve low resistance substrates.

The Department of Energy and Department
of Defense have identified power electron-
ics based on wide-bandgap semiconductors
as a major area of concern for energy effi-

ciency and the reduction in size and weight, W
as well as improvement in the reliability of
power conversion systems. Success in the
PNDIODES program would offer innovative [EelSaNia i
options to help drive research, development, S Bl:',ie; l:ate: Graded-Mg
and commercialization of vertical GaN power and AlGaN:Mg SPSL
electronic devices.

3. Regrown channel 4. Regrown p-plug

Figure 8 GaN Selective Area Doping example
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SYSTEM-LEVEL ADVANCES - CIRCUITS

Previous efforts by ARPA-E have primarily focused on WBG material and device development without focused
consideration and redesign of the circuit topology. Such solutions do not fully exploit the potential performance
improvements enabled by this new class of power semiconductor devices. The circuit design is critical to the
large-scale implementation of more efficient WBG power systems as a result of their ability to operate at high
voltage, high frequency, and high temperature. For WBG power electronics devices, their benefits will not be fully
realized if they are treated as drop-in replacements for Si devices. Instead, new circuit topologies and designs
are needed that take full advantage of the attributes of the WBG semiconductor devices, resulting in minimization
of form factor, cooling systems, and auxiliary circuit components. The Creating Innovative and Reliable Circuits
Using Inventive Topologies and Semiconductors (CIRCUITS) funding opportunity announcement released in
early 2017 seeks to accelerate the development and deployment of a whole new class of efficient, lightweight,
and reliable power converters based on WBG semiconductors. The program will drive transformational sys-
tem-level advances that enable effective operation at high switching frequency, high temperature, and low loss.
With an explicit focus on novel circuit topologies, advanced control and drive electronics, as well as innovative
packaging, CIRCUITS aims to catalyze disruptive improvements for power electronics afforded by cutting edge
materials such as WBG semiconductors. Such technological breakthroughs would catalyze the adoption of
higher performance power converters in various critical applications such as motor drives, automotive, power
supplies, data centers, aerospace, ship propulsion, rail, distributed energy, and the grid. This will enable signifi-
cant direct and indirect energy savings and emissions reductions across electricity generation, transmission and
distribution, and load-side consumption.

Twenty-one innovative projects were selected for funding as part of the CIRCUITS program. The project teams
will accelerate the development and deployment of a new class of circuit topologies optimally designed for WBG
semiconductors to maximize system performance that will save energy and give the United States a critical tech-
nological advantage in an increasingly electrified economy. CIRCUITS projects will establish the building blocks
of this class of power converter by advancing higher efficiency designs that exhibit enhanced reliability and su-
perior total cost of ownership. In addition, a reduced form factor (size and weight) will drive adoption of higher
performance and more efficient power converters relative to today’s state-of-the-art systems. Some examples
of the projects include:

The Eaton Corporation will develop and validate a wireless-power-based computer server supply that enables
distribution of medium voltage (AC or DC) throughout a data center and converts it to the 48 VDC used by com-
puter servers. The Eaton team has targeted the data center sector, as it is quickly becoming a major consumer
of electricity in the United States. If successful, project developments will reduce U.S. data center energy con-
sumption and operating cost while creating a high-volume commercial market for SiC-based power converters.

Marquette University will develop a small, compact, lightweight, and efficient 1 MW battery charger for electric
vehicles with a switching frequency of 1Mhz. The team aims to use state-of-the-art MOSFET switches based on
SiC to ensure the device runs efficiently while handling very large amounts of power in a small package. This
project endeavors to triple the current state-of-the-art in power density and double specific power of chargers
today. If successful, such a device could help to dramatically reduce charging times for big batteries, like those
in electric vehicles, to a matter of minutes.

University of Arkansas will develop a 2 by 250 kW power inverter system for use in the electrification of heavy
equipment and other higher volume transportation applications (e.g., trucks, buses, cars). The team will leverage
SiC power electronics devices to achieve high levels of efficiency while greatly increasing the volumetric and
gravimetric power density of its system over existing ones. If successful, the team will achieve an improvement
of four times the power density and reduce converter cost by 50% compared to today’s technology.
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IMPACTS

ARPA-E’s sustained exploration in WBG-based power electronics has helped foster a vibrant ecosystem in WBG
R&D. Prior to ARPA-E PE programs, the Department of Defense** spearheaded R&D efforts in WBG semicon-
ductors for defense applications. For civilian applications, several DOE offices, including the Energy Efficiency
and Renewable Energy (EERE), Advanced Manufacturing Office*® (AMO), the Office of Electricity Delivery and
Energy Reliability*, and the Vehicle Technologies Program*’, are now also working to bring WBG devices closer
to widespread adoption. As of February 2017, ARPA-E has awarded 57 projects related to power electronics,
totaling almost $155 million in federal funding. Together, ARPA-E power electronics projects have published 141
peer reviewed technical papers that have been cited 2,204 times, and have been awarded 26 patents. Nine
teams have cumulatively raised almost $386 million in publically reported funding from the private sector to bring
their technologies into commercial applications.

ARPA-E’s focus is for transformational change within technology to bridge the gap between the laboratory and
follow on funding from private investment companies. Often, follow on funding will come from other DOE Pro-
gram Offices when the next phase of development still has some risk associated with it. For example, two pro-
grams associated with the EERE SunShot Initiative that include PV power electronics development to enhance
energy efficiency are the 2011 program Solar Energy Grid Integration Systems - Advanced Concepts, $25.9M,
and the 2015 program, Sustainable and Holistic Integration of Energy Storage and Solar PV (SHINES), $15M.
Both program FOAs reference ARPA-E and its associated projects in the field of power electronics as influencing
the aim and scope of the activities.

In 2014, the AMO set up Power America as a manufacturing innovation institute to accelerate the development
of next generation of energy-efficient, high-power electronic devices using wide-bandgap semiconductor tech-
nologies. One of the active members Power America was X-FAB Inc. X-FAB has established a 150mm Silicon
Carbide foundry line in Lubbock, Texas with the support from the PowerAmerica Institute. X-FAB'’s goal is to
accelerate the commercialization of SiC power devices by leveraging the economies of scale that have been
established in its silicon wafer fabrication line. In parallel, Monolith Semiconductors Inc., of Round Rock, Texas
received funding from ARPA-E through the SWITCHES program to design their next generation SiC diodes and
MOSFETs. By partnering with X-Fab Inc., they were able to establish a pathway to manufacture their devices
adopting a “fab-less” production model. In March 2017, Littelfuse Inc., a leading manufacturer of electrical circuit
protection equipment based in the USA, made an incremental $15M investment in Monolith Semiconductors
Inc., which gave it a majority ownership position in the company.

In 2015, AMO launched the Next Generation Electric Machines: Megawatt Class Motors programs, and award-
ed $22M to five projects aimed at emerging WBG technologies focused on advancements in large-scale motor
control to increase efficiency in high-energy consuming industries. Previous ARPA-E awardee GE is one of the
award recipients in this program. To build capability in the field of WBG power electronics, AMO also launched
a $6M program in 2015 to improve capability in the US workforce, the DOE Traineeship in Power Engineering;
Leveraging Wide-Bandgap Power Electronics*®.

44 “DARPA Sets Tough Goals For The Wide-Bandgap Community,” Compound Semiconductor, November 8, 2002

45 Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office, “Wide Bandgap Semiconductor for Clean Ener-
gy Workshop: Summary Report,” (Washington, DC: U.S. Department of Energy, 2012)

46 Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing Office, “Wide Bandgap Semiconductor for Clean Ener-
gy Workshop: Summary Report,” (Washington, DC: U.S. Department of Energy, 2012)

47 Office of Energy Efficiency and Renewable Energy, Vehicle Technologies Program, Multi-Year Program Plan 2011-2015, December
2010 (Washington, DC: U.S. Department of Energy)

48 Conversations with P Gradzki of AMO and EERE website
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CONCLUSIONS

Despite the remarkable advancements in WBG semiconductors, significant work still remains to realize the full
potential of WBG materials in improving energy efficiency. As mentioned above, fundamental research into ma-
terial properties and processing, and continued development up the power electronics value chain into circuits
and systems, are vital steps in ensuring that America can maintain its technological lead in these promising ma-
terials, and reap the energy benefits through wide-ranging applications.
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APPENDIX: ARPA-E POWER ELECTRONICS PROJECTS

Table 1 ARPA-E Power Electronics Projects and Their Innovation Approaches

Program

Organization

Concept

Material

Device /
Packaging

Module /
System

Delphi Automotive

Power converters using GaN-on-Si power

ers

Open 2009 Systems, LLC transistor and double side cooling mod- X X
ules.
Open 2009 Serse. o 2-inch GaN substr.ates wa.fers by am- "
monothermal for high quality, low cost.
FastCAP Systems Allgned. carbon nanth_Jbes ultracapaci-
Open 2009 Cor tors for increased efficiency and energy X
P: density
Virginia Polytech- | Small 3D chip integrating GaN-on-Si and
ADEPT nic Institute and | high-frequency soft magnetic material for X X
State University power conversion.
ADEPT General Electric Lower cost and size, vapor deposited «
magnetic films.
. Low cost, lighter weight bidirectional EV
ADEPT HRL LaIE)Locr:atorles, charger using GaN based power transis- X X
tors
ADEPT Cree, Inc. High voltage (15kV) SiC power tr_apS|stors «
that are 50% more energy efficient.
L Integrated single chip power converter
ADEPT Teledyne .SC|ent|f— for LEDs using iron magnetic alloys and X X X
ic & Imaging, LLC ; .
GaN-on-Si devices.
Virginia Polytech- !Eff|0|ent power co_nverter mtegratmg
. . high-density capacitors, new magnetic
ADEPT nic Institute and . ; . . X X X
! . materials, high-frequency integrated cir-
State University .
cuits, and a constant-flux transformer.
Georgia Tech Utility-scale power router that uses an
ADEPT Research Corpo- | enhanced transformer to more efficiently X
ration direct power on the grid
ADEPT GeneSiC Semi- Unique SiC device structure for better «
conductor performance
Arkansas Power . . .
ADEPT Electronics Inter- 10 times smaller EV charger using SiC . «
. based power transistors.
national, Inc.
Massachusetts More efficient power circuits for LEDs
ADEPT Institute of Tech- | using GaN-on-Si, new magnetic materials, X X X
nology and new circuit designs.
EETE e Compact power converters using low-cost
ADEPT Research Corpo- pact p 9 X
. stacked iron alloys as magnetic cores.
ration
ADEPT Transphorm, Inc. GaN-on-Si transistors for power convert- .
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Program Organization Concept Packaging
Case Western Re- | Smaller and lighter capacitors using titani-
ADEPT : . 0
serve University um that can store 300% more energy.
City University of Lower cost, smaller, and more efficient
ADEPT New York (CUNY) power converters for. LED Ilghts using
nanoscale material capacitors.
Carneaie Mellon New nanoscale magnetic material for
Solar ADEPT ge lower size, weight, and cost power con-
University .
version.
Solar ADEPT S (e, Tran_sformer-less power conversion dew_ce
to directly connect solar power to the grid.
Solar ADEPT University of Colo- Mlcrogonyen_er_s that can be integrated
rado, Boulder into individual solar panels.
Bidirectional GaN-on-Si transistors for
Solar ADEPT | Transphorm, Inc. | more compact and reliable power convert-
ers.
Solar ADEPT S|CL_AB, Rutgers Unlque_h|gh voltage (15kV) SiC power
University, NJ transistors for better performance.
: New power conversion technique to
Solar ADEPT SolarBrl_dge Tech- efficiently and cost-effectively improve the
nologies, Inc.
energy output of PV power plants.
Bi-directional silicon power switches for
Solar ADEPT | Ideal Power, Inc. | reduced size, weight, and cost PV invert-
er.
Oben 2012 Silicon Power High-power and high-voltage optically trig-
P Corporation gered bi-directional SiC transistor switch.
Rensselaer Polv- High-Voltage, Bi-Directional MOS-Grated
Open 2012 . ' O | SiC Power Switches for Smart Grid Utility
technic Institute o
Applications.
Open 2012 SeeaEs, Mo Innovative GaN dewcg des'lgn for utili-
ty-scale electronic switches.
Open 2012 Hexatech Inc. ngh-vqltage AIN devices for use in
high-power electronics.
CERE I8, Graphene based supercapacitor for in-
Open 2012 | Research Corpo- P P pac
. creased energy density.
ration
High Voltage, High Power Gas Tube Tech-
Open 2012 General Electric | nology and Impact Assessment for HVDC
Transmission.
Columbia Univer- High-performance, low-cost vertical GaN
SWITCHES it devices thru smaller devices and GaN
y substrate re-use.
SWITCHES SixPoint Materi- High-quality, low-cost GaN substrates

als, Inc.

produced via ammonothermal growth.
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Program

Organization

Concept

Material

Device /
Packaging

Module /
System

Lower cost SiC manufacturing using exist-

SWITCHES Monolith Semi- ing low-cost, high-volume silicon manu- X
conductor, Inc. .
facturing.
High-performance, low-cost vertical GaN
SWITCHES | MicroLink Devices devices thru smaller devices and GaN X
substrate re-use.
Unique GaN device structure for signifi-
SWITCHES | Cornell University cantly smaller size and higher perfor- X
mance.
SWITCHES Kymg Technolo- High-rate large area GaN substrate .
gies, Inc. growth
SWITCHES Mlchlgan State ngh-volta_ge diamond dewce§ for use in X x
University high-power electronics.
SWITCHES Avogy, Inc. High yielding vertical GaN transistor for X
lower cost.
SWITCHES Ar|zo_na S_tate Low-cost, vgmc_al, diamond blpola_r device . «
University for use in high-power electronics.
SWITCHES iBeam Materials, Low-cost GaN LE[_)s on flexible metal « «
Inc. foils.
SWITCHES Soraa, Inc. FoIIovy-on to QPEN2009 project. Large-ar- .
ea, high-quality, low cost GaN substrates
. High-performance, low-cost vertical GaN
SWITCHES HRL Lalf)féatorles, devices at higher power levels than lateral X
devices.
Fairfield Crystal Unique high-rate GaN boule growth for
SWITCHES Technology, LLC lower cost GaN wafers. X
University of High-performance, low-cost vertical GaN
SWITCHES | California, Santa | devices at higher power levels than lateral X
Barbara devices.
Open 2015 General Electric ngh-vo_ltage, solid-state SiC fleld-.effect «
transistor charge-balanced device.
Open 2015 Tibbar T_echnolo- Plasma-based 3-phase AC to DC convert- «
gies er.
GeneSiC Semi- High-power and voltage vertical GaN
IDEAS : . ) : X
conductor bipolar junction transistor.
University of Ne- Electromagnetic induction-based static
IDEAS Y power converter for efficient low cost AC X
braska, Lincoln : .
to AC electrical conversions.
IDEAS Northeastern Innovative universal power converter us- x
University ing SiC based devices for decreased size.
IDEAS Quora Technolo- | Reliable, high-power and voltage, innova- «

gy, Inc.

tive lateral GaN transistor.
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Program

Organization

Concept

Material

Device /
Packaging

Module /
System

Sandia National

High-voltage, high-power density, hybrid

IDEAS Laborator switched-capacitor DC-DC power convert- X
y er using SiC and vertical GaN devices.
IDEAS University of Colo- | Capacitive wireless power transfer archi- «
rado, Boulder tecture to dynamically charge EVs.
IDEAS Sandia National MVDC/HVDC Power Conversion with « «
Laboratory Optically-Controlled GaN Switches.
: Transistor-less Power Supply Technology
IDEAS Harvarq DR Based on UWBG Nonlinear Transmission X
sity :
Line.
PNDIODES Adriot Materals Selective Area Dopl_ng for Nitride Power X
Inc. Devices.
Arizona State Effectuve selective area doping for GaN
PNDIODES . . Vertical Power Transistors Enabled by X
University . : . .
Innovative Materials Engineering.
Laser spike anneal technology for the
PNDIODES JR2J activation of implanted dopants in Gallium X
Nitride.
Sandia National High voltage re-grown GaN P-N Diodes
RUBIGRES Laboratory enabled by defect and doping control. X
The Research
Foundation for Demonstration of PN-junctions by implant
PNDIODES State University of and growth techniques for GaN. x
New York
. . o High quality GaN FETs through trans-
PNDIODES Unlversscl)ta/r?f e mutation doping and low temperature X
processing.
PNDIODES Yale University Regrwoth and selective area growth of X

GaN for vertical power electronics.
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DESCRIPTIONS OF ARPA-E’'S PROGRAMS

Acronym

Brief Description

Dispatchable Storage

ADEPT Agile Delivery of Electric Power 2010 | Power Conversiton Efficiency: Wide-bandgap semicon-
Technology ductors for high-power, high-current applications
ALPHA Accelerating Low-Cose Plasma 2014 | Fusion energy, focused on intermediate density re-
Heating and Assembly gime, reducing the cost of experimental tests for fusion
energy
AMPED Advanced Mangement and Protec- | 2012 | Battery storage, primarily for EV. Addressing efficiency
tion of Energy Storage Devices from perspective of the overall battery pack with new
approaches to the battery mangement system. Strong
DoD engagement
ARID Advanced Research in Dry-Cooling | 2015 | Developing technology to protect power plant efficiency
under water constraints - More efficient ‘dry-cooling’
BEEST Batteries for Electricc Energy Stor- | 2010 [ All aspects of battery design and materials, supporting
age in Transportation a large amount of alternative battery chemistry work
(supplemented by project awards under OPEN 2009
and 2012)
BEETIT Building Energy Efficiency Through [ 2010 | Lower energy approachwes to heating, ventilation and
Innovative Thermodevices air conditioning (HVAC). Some projects funded by DoD
CHARGES Cycling Hardware to Analyze and 2014 | Two test sites to allow grid-scale batteries to be validat-
Ready Grid-Scale Electricity Stor- ed under realistic grid operation conditions
age
CIRCUITS Creating Innovative and Reliable 2017 | Development and deployment of a new class of effi-
Circuits Using Inventive Technolo- cient, lightweight, and reliable power converters, based
gies and Semiconductors on wide-bandgap (WBG) semiconductors
DELTA Delivering Efficient Local Thermal [2014 | Local thermal management for comfort of individuals,
Amenities goal to reduce overall AC costs by alloging less strin-
gent building-wide AC
ELECTROFUELS | Microorganisms for Liquid Trans- 2010 | Exploratory development of fuel productions by or-
portation Fuel ganisms that directly use electric charge as an energy
source
ENLITENED Energy-Efficient Light-Wave Inte- 2016 | Integrated photonic interconnects and novel switching
grated Technology Enabling Net- networks for more energy efficient manipulation and
works that Enhance Datacenters movement of data
FOCUS Full Spectrum Optimized Conver- [ 2014 | Solar energy approaches that capture both PV and
sion and Utliization of Sunlight thermal energy, including spectrum splitting to different
collectors and development of PV cells that can work
at the high T of thermal collection
GENI Green Electricity Network Integra- | 2011 | Electric power network - Power flow controllers & soft-
tion ware to allow more effective integration of renewables
GENSETS Generators for Small Electrical and | 2015 | Distributed power generation - Low-cost, small scale
Thermal Systems generators for combined heat and power
GRIDS Grid Scale Rampable Intermittent | 2010 | Stationary storage, including grid-scale batteries,

flow-batteries, and other approaches such as fly-
wheels. Battery portfolio supplemented through OPEN
2009 and 2012 projects
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Acronym

Brief Description

GRID DATA Generating Realistic Information 2015 | Development of realistic, open-source models of
for the Development of Distribution transmission and distribution grids to support advanced
and Transmission Algorithms work on optimization and control algorithms
HEATS High Energy Advanced Thermal 2011 | High Energy Advanced Thermal Storage
Storage
IDEAS Innovative Development in Ener- Rapid support of early-stage applied research to
gy-Related Applied Science explore pioneering new concepts with the potential
for transformational and disruptive changes in energy
technology
IMPACCT Innovative Materials and Process 2010 | Carbon caputre for emissions from coal plants, supple-
for Advanced Carbon Capture mented by project awards under OPEN 2009 and 2012
Technologies
INTEGRATE Innovative Natural-gas Technolo- 2018 | Develop natural gas fueled, distributed, ultra-high effi-
gies for Efficiency Gain in Reliable ciency electrical generation systems.
and Affordable Thermochemical
Electricity-generation
IONICS Integration and Optimization of 2016 | Improving the properties of solid ion conductors for
Novel lon Conducting Solids batteries, fuel cells, and other electrochemical devices
MARINER Macroalgae Research Inspring 2017 | Develop the tools to enable the United States to
Novel Energy Resources become a global leader in the production of marine
biomass
MEITNER Modeling-Enhanced Innovations 2018 | Identify and develop innovative technologies that can
Trailblazing Nuclear Energy Rein- enable designs for lower cost, safer advanced nuclear
vigoration reactors
METALS Modern Electro/Thermochemical 2013 | Efficient production and recycling of Al, Mg, Ti - Lower
Advances in Light Metal Systems cost and energy use to support vehicle light-weighting
MONITOR Methane Observation Networks 2014 | Sensing methane and localizing the leak point(s) eco-
with Innovative Technology to Ob- nomicallly enough for routine use by producers
tain Reductions
MOSAIC Micro-Scale Optimized Solar-Cell 2015 | Developoing compact solar concentration onto high-ef-
Arrays with Integrated Concentra- feciency cells while also maintaining capture of diffuse
tion sunlight
MOVE Methane Opportunities for Vehicu- [ 2012 | New forms of storage for natural gas that will reduce
lar Energy volume of tanks or allow them to be integrated into the
body of the vehicle
NEXTCAR Next-Generation Energy Technolo- | 2016 | Vehicle and powertrain control technologies to reduce
gies for Connected and Automated automotive energy use
On-Road Vehicles
NODES Network Optimized Distributed 2015 | Developing control algorithms to create effective grid

Energy Systems

storage through distributed demand response, e.g.
water heaters
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Acronym

Brief Description

OPEN Open Funding Solicitation 2009, ARPA-E’s open funding opportunities are designed to
2012, 2015 and 2018 catalyze transformational breakthroughs across the
entire spectrum of energy technologies.
PETRO Plants Engineered to Replace Oil 2011 | Modification of plants to directly product fuel-ready
hydrocarbons
PNDIODES Power Nitride Doping Innovation 2017 | Develop transformational advances in the process
Offers Devices Enabling SWITCH- of selective area doping in the wide-bandgap (WBG)
ES semiconductor, gallium nitride (GaN), and its alloys
RANGE Robust Affordable Next-Generation | 2013 | Battery designs that improve the overall energy density
Storage Systems and cost effectiveness of the battery system by using
safer materials
REACT Rare Earth Alternatives in Critical 2011 | Materials and motor design approaches that provide
Technologies options for continued high-efficiency in the event of
rare-earth shortages
REBELS Reliable Electricity Based on Elec- [ 2014 | Fuel cells designed for use in distributed power gener-
trochemical Systems ation (down to residential scale)
REFUEL Renewable Energy to Fuels 2016 | Energy-dense liquid fuels from water and CO, and/or
through Utilization of Energy-Dense N, from air powered by renewable electricity.
Liquids
REMOTE Reducing Emissions using Metha- [ 2013 | Biological conversion of methane to fuels
notrophic Organisms for Transpor-
tation Energy
ROOTS Rhizosphere Observations Opti- 2016 | Biofuel plant root phenotyping for improved growth
mizing Terrestrial Sequestration properties and atmospheric carbon sequestration
SENSOR Saving Energy Nationwide in Struc- | 2018 | Develop user-transparent sensor systems that accu-
tures with Occupancy Recognition rately quantify human presence to dramatically reduce
energy use in commercial and residential buildings
SHIELD Single-Pane Highly Insulating Efi- | 2016 [ Insulating window materials with excellent optical
cient Lucid Designs quality which prevent condensation, for cost-effective
retrofits or replacements
SOLAR ADEPT | Solar Agile Delivery of Electrical 2011 | Improved electrical interconnects for integrating solar
Power Technology power with the grid
SWITCHES Strategies for Wide Bandgap, Inex- | 2013 | Devices to improve Energy Efficiency for electric mo-
pensive Transistors for Controlling tors
High-Efficiency Systems
TERRA Transportation Energy Resrouces | 2015 | More rapid development of sustainable biofuels crops
from Renewable Agriculture through sensning, robotics, informatics and genetics
for advanced phenotyping of energy crops
TRANSNET Traveler Response Architecture us- | 2015 | Control architectures and traveler incentives for energy
ing Novel Signaling for Networking optimization of urban networks.
Efficiency in Transportation
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CONTRIBUTORS

DEPARTMENT OF ENERGY STAFF & PRINCIPAL INVESTIGATORS
CONTRACTORS Dr. Fu-Kuo Chang
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