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The U.S. Needs a More Powerful Grid

AI infrastructure: Power-hungry data centers

Source: Dominion Energy, cited by S&P

Doubles every 5–6 years (!)

13% CAGR
Data center capacity 
growth in Dominion 
Energy’s territory

EV infrastructure: Charging stations

Source: PwC

Compared to 2023:

Much more electricity must be delivered to these loads via a more POWERFUL grid (!)

https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/electric-power/101623-power-of-ai-wild-predictions-of-power-demand-from-ai-put-industry-on-edge
https://www.pwc.com/us/en/industries/energy-utilities-resources/library/ev-charging-power-and-utilities.html
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Need for More Advanced Power Electronics

Power electronics is key to providing a more POWERFUL and SUSTAINABLE grid (!)

HVDC Transmission and MVAC DistributionOffshore wind generation

‣ Renewable electricity generation.
‣ Efficient and power-dense electricity 

transmission and distribution.

◀ HVDC substation ▲ MMC
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Existing Device Packages are a Bottleneck

SoA-1: Press-pack Si modules and 
stack for grid application

SCR

IGCT

IGBT
IGCT 
stack

SoA-2: SiC MOSFET/JFET chips are superior, 
but suitable module is unavailable

Module property Conduction
loss

Switching
loss

Switch. freq./
control BW Parasitics Thermal 

conductivity
Explosion-

proof
Integrated 
gate driver

SoA-1: Si IGBT, IGCT, and SCR Low High Low High High Yes Partly

SoA-2: SiC FET High Low High Low Low No No

Proposed SiC FET MetaPak Low Low High Low High Yes Yes



5University of Nebraska-Lincoln Proprietary

Proposed MetaPak: New Topology + Package + Intelligence

d1

s1

d1

d2

k1

a1

k1

a2

d1

d2

Switch cell topologies

Switch cells

Fiber-optic 
transceivers

Space for decoupling 
caps or bus-bar

MetaMind 
device manager

‣ Innovation 1: Switch-cell building block (SCBB) 
architecture with high flexibility and minimized 
power-loop inductance (< 10 nH). (Patented)

(c)(a) (b) (d) (e)

Module
(layer) 1

Module
(layer) 2

Module
(layer) 3

5L-MMC5L-SMC 5L-Vienna 5L-ANPC 5L-FC

5L converter examples:
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Proposed MetaPak: New Topology + Package + Intelligence

Si
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Mo
Al

PlateletSi IGBT die Baseplate, cGel
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Solder joint

Lid, s HousingMonolithic spring (MS)

SiC FET die Baseplate, dCu sinter joints

Gel penetration Disc spring (DS)

Epoxy

(a)

SiC
Cu

BeCu
(b)

Current path

Thermal cap.

(c)

Si
Cu

Mo
Al

PlateletSi IGBT die Baseplate, cGel
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SiC FET die Baseplate, dCu sinter joints

Gel penetration Disc spring (DS)
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(a)

SiC
Cu

BeCu
(b)

Current path

Thermal cap.

(c)

SoA: Hitachi StakPak™ that fails short (disc spring)

Proposed: MetaPak that fails short (monolithic spring)

‣ Innovation 2: Beryllium copper (BeCu) 
monolithic spring (MS). (Patented)

d

Mechanical
SiC FET diesBaseplate, d

Dry contact
surface
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mounting, s

w

w

l
h1

h2

h

∆h ht

hb

SiC FET dies

Cut-through 
slits

BeCu block 
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Proposed MetaPak: New Topology + Package + Intelligence

eGDMetaMind

(a)

SWIPT

(b)

Shielding tied to s

WAPS
Baseplate (d)

Lid (s)

SoA 10-kV SiC
MOSFET and
gate drivers 10-kV SiC MetaPak

with high-density
integration

PCB RogowskiSolid barrier Group of 4 dies

>5× power
density

‣ Innovation 3: MetaMind device manager and 
E-field and EMI containment. (Patented)

SiC FET dies(a)

L7

L8

Dec. cap.

L1

L7

L8

L1

Epoxy BaseplateFR-4

FR-4 Gap Baseplate

MMCX testpointGate driver chip

Power & PWM input (b)

(c)

g

ks
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SSM
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‣ Enable new HV converter topologies and 
paradigm-shifting converter designs.

‣ Unleash the untapped potential of HV 
SiC MOSFETs.

Prospective Impact to Grid Infrastructure

Future SiC Q2L phase-
leg building blockStackable 

submodule (SSM)

S1
S2
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MetaPak module

MetaMind device 
manager

1.2 kV Proof-of-Concept Prototype

Switch cell

Monolithic 
spring (MS)

Integrated 
gate driver

SiC MOSFET/JFET die
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BeCu MS compression test (896 N/1.06 mm)
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UNL-PESL Facilities (2,500 sq. ft) and Equipment

● ● ●

AMX P52

Tresky T-5300

TPT HB30

AJA ATC-2000F FEI NanoLab 660 Instron 5966 Nordson DAGE 4000 Plus
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Thank you!

junwang@unl.edu


