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SUMMIT

About Drive Electric TN

A Tennessee now has over 50,000
registered EVs.

A Medium- and heavy-duty EVs are now
on the road

A Workforce development programs at

technical schools, community colleges,

and universities across the state.
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About Drive Electric TN

A EV-Related Programs: Our resources are reaching more communities through
| the Electrify America-Volunteer EV Experience project
| Work of Drive Electric TN Chapters
| Charging Smart designation program

A Roadmap Refresh: Kicked off at the 2024 Momentum Summit and has continued by

| Expanding outreach efforts
| Strengthening partnerships with higher education institutions
| Exploring community resilience strategies

Back to Agenda
Page
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(2% U.S. DEPARTMENT A\ ”‘?

Clean Cities and
Communities

' Transportation
Energy Partners

Alleyn Harned

Director- Virginia Clean Cities
Director- Drive Electric VA
President- Transportation Energy Partners
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A UTK Professor in Power Electronics and Transportation Electrification

A Research Interests: widbandgap power module packaging, EV battery chargersgdc
converters, vehicle propulsion systems, battery management systems, and battery

energy storage systems
A kevinbai@utk.edu

Recent Research Projects

1. & { Y [CHdpActand EfficientIMW EV/ K I NED®OBERPAR;

2. '& !Smartand Highly CompactPower ElectronicsBox to Provide Universal = )
Chargingt S OK Yy 2 tMAaghadP8werrain; gm *\I;{;ltiaegr: idecions En:‘i:tt;irc

3. 4Ly iS IndelevelRGaN Inverter and PMsynRM Motor for Electric - e -
PassengeVehiclesand Medium/heavy duty Trucks(GaNIn_PMsynRM € % Cmv&ﬂﬂ_f Loads Drive

DOEVTQ LV Battery o


mailto:fred.wang@utk.edu

EV Battery Chargers
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6. 6kW charger ( GaN vs Si, 2015)

PFC EMI filter

PFC switches PFC inductance

Length:35cm
Width:31cm

DC-bus
Cap

Control
card

power supply

| O
Mz
\
ol < -.2.: <
;
\
M?

Output Filter

8 B DAB Secondary
side switches

/

/ DAB Primary

/ ,IVIINIT"'EHARE e A ,. et
48V/11kW charger, 2017 20 W SiC cﬁarger 2017

Fans

20KW V2L Charger 2018
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Wide-bandgap Devices

High voltage Electric Field ~ ____g;
operation (MV/cm)
5 e S C
GaN
Thermal .
Energy gap (eV) Conductivity
(W/cm.°C)
High T°
AAAAAAAAAAAAAAAAAAAAA applications
Electron velocity Melting point
10 (x107 cm/s) (x1000 °C)
. Oy J
B4
High Frequency
switching

GaN SiCand Si GaNvs Si



6000VAC 6000/480VAC

98% X

Conventional 2stage approach

6000VAC

1MW SICCharging Station

EV Charging
Station

Gairpa-e

Cascaded | . 4.3kv
Active Rectifier | =
mE | B L
Phase S— |
h;;i_q =
4.3kV
95% =93% - . b
13.8kV A A T
Phase-Phase )
BOkV — —
Phase-Neutral | _
4 = E ;-‘-ﬁE =
EV Charging ? i
Station -
4.3kV
:fé ;;; =
Meutral —T =11 L
& (oF.3 T

98%

Proposed 1stage approach

Ziwei Liang, Daniel Mercéciring MojtabaJalalpoux |

dzl I A 2

1
MVDC/LVDC T
Solid State Transformer "
MVDC/LVDC |
Salid State Transformer - |
BE | JBE
—} { - { . LVDC Bus 1
== . 1.3kV
¥ 3
L e & It &
.E-‘- E » 3
[N .
o | 1 | i . LVDC Bus 2
- _ - =  1.3kv
B | | 52
MVDC/LVDC *
Solid State Transformer T
T

a5 S LI 2¢& Y-leulEledrig/ehicle Exfrdfng RaBt Olinrifg

Station Enabled by HigloltageSiQ- v R

Ly 0SSt f BEn8r§ias13(7), BB40(I2RIDL € >



A Smart and Highly Compact Power Electronics Box to Pro\ &
\\
Universal Charging Technologies

§<— > Bidrectional OBC Mode |

;rOJect Objectives . W WHT@
To provide a 4n-1 box (dc/dc converter, onboard o J}% T TZ JH
charger and wireless charger) thereby saving th | } = n |fd &= |
size & cost and offering convenience; \ JJ}_/ Ji%ﬂ— i ok .

A To useGaNdevices as a benchmark comparlson o5 2l % C 4 %@}
with Si andSIC ‘

Recent Achievements

A Finalized the test of 22kW OBC, 6.6kW WPT anff
6.6kW V2G/V2L modes:

A Filed 2 patents with Magna and UT Research
Foundation.
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Prototypes
WA SA [AlFY3IE [Aely YLKdzz ,dzS {dzy> WAS [ AZ wdzA e | yiAardvChagexr, Auxilaiy Powe

Module, and Wireless Charger for Electric Vehicles Using-MuliN1.J2 & S a | 3 y lEEEAT@nsAcfodd dh BdudtrialXElectrebatter, vol.
/1. n0.8, 2024, pp.9962967.




Integrated Threelevel GaNInverter andPMsynRMMotor for Electric
Passenger Vehicles and Medium/heavy duty Trucks

Project objectivesiUseGaNfor an 800V inverter, design a 200kW heaaye-earth free motor, and integrate
iInverter and motor for an efficient and affordable electric vehicle powertrain. The inverter power densit

110kW/L and motor is 55kW/L.

Team members: ABB, RPI, UM, Lucid Motors and ORNL.

Main power P(B

Interface
PCB+Flex PCB

| '," N 22 Module Battery Capacity

GaN Die

900V+ Electrical Architecture _

DC Fast Charging at up to 350kW

Heatsink

AC Charging up t0 19.2 kW

Lucid 800V EVs Power module packaging approach  Switching waveform @400V/~400A

XianchaoLiu, YichengZhang,Niu Jia, AnweshaMukhopadhyayDaniel Costinett, Leon Tolbertand HuaBaij & t | O | & 6B30OV0BA GaNHalt

bridge Power Module with Ultra-low Parasiticsfor ElectricVehicleDrive! LJLIJ A O IntériagoyiahV¥oEkshopon Integrated PowerPackaging
April 2025 DOI 10.11091WIPR1784202510971623
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