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Technology and Manufacturing Readiness Levels

TRL 1:

(Transitioning technology through valley of death)

~

NNMI Target

-

~

J

Basic principles observed and reported MRL 1: | Manufacturing feasibility assessed
TRL 2: Technology concept and/or application MRL 2: | Manufacturing concepts defined
formulated
TRL 3: Analytical and experimental critical func- MRL 3: | Manufacturing concepts developed
" | tion and/or characteristic proof of concept i g P P
TRL 4: Component and/or breadboard validation MRL 4: Capability to produce the technology in a
" | in alaboratory environment " | laboratory environment
Component or breadboard validation in a Capability to produce prototype components
TRL 5: : MRL5: | . : .
relevant environment in a production relevant environment
TRL6: System/subsystem model or prototype MRL 6: Capability to produce prototype system or sub-
" | demonstration in a relevant environment " | system in a production relevant environment
.. Capability to produce systems, subsystems
TRL7: Systen'] prototyr:ae kit olich MRL 7: | or components in a production relevant
operational environment .
environment
TRL & Actual system completed and qualified MRL 8: Pilot line capability demonstrated; Ready to
" | through test and demonstrated " | begin Low Rate Initial Production
TRL 9: Actual system proven through successful MRL 9: Low rate production demonstrated; Capability

mission operations

Source: NNMI prelim design report.

in place to begin Full Rate Production
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History of Collaboration and Investment
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PowerRAMERICA ~ PowerAmerica Mission Summary

— US Manufacturing Competitiveness and Impact
« Job Creation, Technology Innovation, Energy Savings

— Reduce Cost of Wide Band Gap Semiconductors

* Foundry Concept.
* Increase volume of applications.

— Increase Confidence in WBGS Power Electronics

« Demonstrations of WBG PE System Advantages and Reliability.
* Improve Knowledge Base of How to Design WBG PE Systems.



PowerAMERICA  Optimizing the Power Electronics Industry

Wafer Bowing .
Epi Thickness Voice of the Customer
Defects Market Size
Material Quality Package Business Case
Optimization

Device

Epitaxy End User

Wafers

Design
Fabrication

Packaging

Req'ts

Wafer 5 ?e‘fici, Device Area, Voltage,
Optimization ptimization Currents, Reliability Seed the Market:

Technology
Demonstrations,
Proofs of Reliability



PowerAMERICA  Reducing Cost of Wide Band Gap Power Devices

Low Voltage
Devices
(600V to 1700V) Medium Voltage
Devices
(3300V to 6500V)

High Voltage Devices

(> 10kV) Achieve last 50%
cost reduction via
Power Electronics

10 years |
PowERAMERICA rnovater
TARGET:

WBG Costs

Reach Parity with Silicon



PowerAMERICA  Silicon Carbide and Gallium Nitride

 Wide Band Gap Semiconductors for Power Electronics
— Silicon Carbide: 1200 V, 1700V, 10 KV Diodes and MOSFETS
— Gallium Nitride: 600-900 V

* QOperate at Higher Temperatures
* Block Higher Voltages

e Switch Faster with less losses

* Smaller Passive components

e Substantial System Level Benefits

* Potentially More Reliable

* Physics is clear.... But adoption is slowed by
— Cost compared to silicon devices
— Perceptions about reliability



PowerAMERICA  Reducing Cost of Wide Band Gap Power Devices

¢/A for 1200V, 20 A SiC MOSFET

°0 100 mm dedicated Foundry

-
\ Low Volume

.\

40
\ 150 mm Commercial
30 N (Substrate +Epi costs dominate)

/ /
50 100 mm Commercial (
(Reduced process cost & higher yield) FABLESS Model! ]
10 — \
Current Silicon IGBT

0 - | | |
1 2 3 4




PowerAMERICA  Emerging Synergistic relationships

: Building Foundry Relationships:
(Team: APEI, CREE, Toyota, Oak Ridge, ARPA-E) (Wafers starting to Run through SiC foundry)

I I T '
2010 Toyota Prius Plug-in

Monolith Semiconductor

Hybrid EV On-Board Battery provides
- S Charger SiC diodes and SiC MOSFETs . e "'3 .
55 A 1 for the Little Box Challenge

Monolith Semiconductor
manufactures Silicon Carbide
wer di nd MOSFET

suitable for high power density
solar inverters.

Thank you for your interest in
the Little Box Challenge and
Monolith Semiconductor's
silicon carbide (SiC) power
devices.

Follow the tabs above for
more details to find out how

APE| High-Performance 10x Increased Power
Plug-In Hybrid EV On-Board Density + Increased
Battery Charger Efficlency

Arkansas Power Electronics International Inc.s

High-Performance Silicon Carbide-based Plug-In Y 0
Hybrid Electric Vehicle Battery Charger 204 VdSiU-W : 1"° _ significant Increase
— | WJ'{L—‘1 i 100§ . k oI-
= ' in peak mobility
H les th h : ='*] Lasiossio, * 180 §
c x 2 —_ .
Three Examples t. at Span the Institute : | woceoa ODODO lo z V. Misra @ NCSU
* Improved Devices s & 1o 3 andIndustry
« Low cost via foundry model 5 051 * g £ Member
) ) o 5 120 o
[ ]
System level benefits obtained from 1 == «& 1,

[
[y

WBG Semiconductors o0 1 20 3 4
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PowerAmMERICA  Case Study of Wind Energy

 Example of a application where Wide Band Gap
Semiconductors provide an enabling component.

* Small part of the cost of the system

* Important in reliability and lowering system losses

e Part of National Strategy for Clean Energy
— ~ 230,000 jobs potentially created



PowerAMERICA  Interests in Wind Energy

 Mid Atlantic states have offshore wind.

* Potential Economic impact is large North Carolina - 90 m Offshore Wind Speed
J\ pran

* Deployment of wind energy anticipated to grow w8
rapidly Elizabeth City 5 \:r\k‘

* ~4.5% today i

«  ~10% by 2020

. ~20% by 2030

* ~35% by 2050

* Levelized cost decreasing e
s La n d (Nautical Miles)

* 24% reduction by 2020 wi L

« 33% reduction by 2030 —

e 37% reduction by 2050
* Offshore

e 22% reduction by 2020 " o

* 43% reduction by 2030 ©

The annual wind speed estimates for
this map were produced by AWS
Truepower using their MesoMap
system and historical weather data.

Wind Speed at 90 m
m/s mph
11.5-120 257-26.8

| 11.0-115 246-257
105-11.0 235-246

. 10.0-10.5 22.4-235
° 51% redUCtiOn by 2050 25 0 25 50 75 100 125 150 Kilometers 98 100 215 5524
90- 95 201-213

20 0 20 40 60 Nautical Miles

85- 9.0 19.0-20.1

8.0- 85 17.9-19.0
75- 80 16.8-17.9
70- 75 157-16.8
65- 70 145-157
6.0- 65 134-145
00- 6.0 0.0-134

* Variability and uncertainty posed by wind power NREL
at various time scales will require innovation to
connect to the Grid. = Better Power Electronics

ave0m0s




PowerAMERICA ~ Power Electronics as a subsystem

Power Electronics: Small Percentage of cost Share of the main
But Wind Turbines are components of the total
Highly Coupled Complex Electrical -Mechanical Systems number of failures.

GearoK 12.91%

together N S e

o resecied ko drfve 4 pereraor

How a wind turbine co

A tyeaal wind ursing will carilain s 18 S000 diTeral Geipanenls
T guicks Sherws: Th Sain parms afed i conlribulion in pancenlags

Generakor 3.44%

i
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PowerAMERICA Electrical Systems and Electrical Control Reliability

Figure 5. Failure rates and downtime from two large surveys of European WTs over
13 years [13]. Reprinted/Reproduced with permission from [13]. Copyright 2007, Springer
Science + Business Media.

1 I I 1 I | |
. ]
Electrical System OLWK Failure Rate, approx 5800 Turbine Years
Electrical Control ®BWMEP Failure Rate, approx 15400 Turbine Years

Other OLWK Downtime, approx 5800 Turbine Years
; ]
Hydraulic System * BWMEP Downtime, approx 15400 Turbine Years

Yaw System *—'

Rotor Hub '
Mechanical Brake E

Rotor Blades ‘—# '

Gearbox '

Drive Train # !

1 0.75 0.5 0.25 0 2 4 6 8 10 12 14
Failure/turbine/year Downtime per failure (days)

P. Tchakoua, et al. Wind Turbine Condition Monitoring: State-of-the-Art Review, New
Trends, Future Challenges, Energies 2014, 7, 2595-2630; d0i:10.3390/en7042595



PowerAMERICA  Power Electronic Advantages of Silicon Carbide

Wind turbine converter efficiency

SIC M OS F ET; at different swithing frequencies
Higher Efficiency, e
. . \"‘-\ —
Simpler Gate Drive, " ] —\———-___._____
Simpler Topologies & 80 — s
e 70
Wind turbine converter efficiency .g 65 Si i
at different wind speeds i 60 e
100 w 55 <
SiC 50 —
99 45| R
40
— 98 .\.\I\ / 0 10 20 30 40 50
o 97 \"\‘ Switching frequency [kHz]
o 96 Si Fig. 11. Efficiency of SiC and Si wind turbine converters at full power rating
ﬂl:} \ and different switching frequencies.
s 95 &
ig Wind turbine converter efficiency
w 94 at different junction temperatures
i R .'__“—1«_,____“' 100
99 sic
92 _ = i
5.0 6.0 7.0 8.0 8.0 100 110 120 2 g; ¥
Wind speed [m/s] é‘ 95
g o si
Fig. 9. Efficiency of 5iC- and Si-based wind turbine converters at different g 93 i ™ F
wind speeds and 3 kHz switching frequency. u :f B
90 .
H. Zhang, L.M. Tolbert, Efficiency Impact of Silicon Carbide 89
0 50 100 150 200

Power Electronics for Modern Wind Turbine Full Scale
Frequency Converter, IEEE TRANSACTIONS ON
INDUSTRIAL ELECTRONICS, VOL. 58, NO. 1, JANUARY 2011

Junction temperature [C]

Fig. 12. Efficiency of SiC and Si wind turbine converters at full power rating
and different temperatures.



Two Aspects of the PowerAmerica

Trusted Technology

Lowering costs of devices
and modules for other

government programs. / \

Technological
Economic
Superiority

PowerAmerica
Value Proposition

Complement existing

training and workforce —

programs by providing
educational modules.

Short Courses, Internships




Education and Workforce Pipe Line

2001
Fall 2005

4.01 Million - 1.9 Million
9th Graders ig DC College Plans

2009-1

Fall 2005

Only 1.3 Million
College Ready 278,000 Majoring in STEM

6

167,000
STEM
Graduates

Emphasis on Outreach to Universities Internships
Recruiting US at the Freshman Year To provide vision

Students Include Disadvantage where the Jobs
Populations. are!

Leverage other programs:

MEP, ATE, eCyberMission, SMART, NSDEG, etc.




PowerRAMERICA A Strong Workforce and Education Program

Universities Government Industry
a N
Pipeline to M.S and DoE/DOD h g | i h
s PhD ) National Lab nternships
. S
- - Internships
‘ WBG M.S. g olarsh h
. Concentration | NIST | . >cholarships )
r R ~ r R
| Web Portal Manufacturing Sponsor
Distance Education Extension | Cap_f,tone
- / Partnerships - Projects J
( ~ :
| Train the Trainer { NSF Contribute to
Community College | Short Courses,
\ ~ _ STEM outreach
) Advanced
Short Courses J Technol.ogy Jobs
k Education ) - )




MS in Electric Power Systems Engineering-
Professional Science Masters

FREEDM

systemscenter

e U.S. DEPARTMENT OF

Goal: Comprehensive training for a career in power industry

* Sponsor: DOE, Workforce for Electric Power Sector

» Started: Summer 2011 with 7 students, FA14: 39

* Graduates: 34

* New Courses: Comm & SCADA, Smart Dist. Sys.

* Professional Skills Comp: Utility Business, Practicum, Capstone

* Strong support from Industry:
6 Fellowships

AL ED ED
FREDEP SIEMENS

-
N, Progress Energy [ € JRbmiss

green®a”

energy corp




Master of Science (MS) in WBG Power Electronics 12 month Program

The M5 in WBG Power Electronics is proposed to initially be a track under the umbrella of the

MS in Electric Power Systems Engineering program since the PSM review process may take up to two years. T
he Track will require an internal review through NCSU, which will permit the program to start a cohort earlier.

| CourseArea _______________JCourse _________________ |Cedits ___________|Semester |

] "
rekaenene -
Power Electronics (534) Power Electronics with Lab 4

(Required)

Lt

Devices WRBG Power Devices with labs in 4 Second
SiC Power device lab and GaN lab
(Required)

Capstone Project WEG PE Capstone Project (Design
and Project Management)
Required
_




Time Line For Annual DoE Funding

Program RFP Projects
Start Roadmap and Plan Announced Selected DoE Contracting BP2
A N/ M |
Feb. 1 May 1 Aug 1 Nov 1 Feb. 1
Milestone Milestone Milestone Milestone
Review Review Review Review

Other Funding Decisions:
« Open Innovation Fund
« Small Projects From Membership Fees

» Educational and Student Projects

N

~60 days to
respond to RFP
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Existing Infrastructure at NC State PoweRAMERICA

CREE@|
RFMD & |,

NC State’s Centennial Campus NCSU Nanofabrication Facility

NSF FREEDM

. RSt = B — :
THE RESEARCH e 2
TRIANGLE PARK Ry M5

*" RESEARCH TRIANGLE
‘. CLEANTECH CIUSTER™

POWERAMERICA 7~ FEE7

NC Sustainable
EnergyAssociation
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