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Abstract— The majority carrier domain of power 
semiconductor devices has been extended to 10 kV with the 
advent of SiC MOSFETs and Schottky diodes.  The devices 
exhibit excellent static and dynamic properties with 
encouraging preliminary reliability.  Twenty-four MOSFETs 
and twelve Schottky diodes have been assembled in a 10 kV 
half H-bridge power module to increase the current handling 
capability to 120 A per switch without compromising the die-
level characteristics. For the first time, a custom designed 
system (13.8 kV to 465/√3 V solid state power substation) has 
been successfully demonstrated with these state of the art SiC 
modules up to 855 kVA operation and 97% efficiency.  Soft-
switching at 20 kHz, the SiC enabled SSPS represents a 70% 
reduction in weight and 50% reduction in size when compared 
to a 60 Hz conventional, analog transformer.  

I. INTRODUCTION 
Silicon carbide has carried the promise of revolutionizing 

high power, high frequency electronics for many years.  The 
4H-SiC polytype with its superior electrical properties has 
already ushered in a new era of commercially available 600 
V, 1200 V, and 1700 V Schottky diodes that have made a 
dramatic impact in switch-mode power supplies, AC motor 
drives, and solar inverters.  SiC switches like Metal Oxide 
Semiconductor Field Effect Transistors (MOSFETs), Bipolar 
Junction Transistors (BJTs) and Junction Field Effect 
Transistors (JFETs) are approaching commercial release and 
will enable all-SiC solutions for ultra-high efficiency 
systems.  In this submission, we demonstrate the potential of 
SiC to create new solid state solutions where silicon simply 
does not exist—the world’s first 10 kV half H-bridge power 
MOSFET module capable of conducting 120 A per switch 
and enabling a compact 13.8 kV to 465/√3 V single phase 
solid state power substation (SSPS) rated at 1 MVA. 

II. SIC 10 KV MOSFET AND SCHOTTKY DIODE 

A.  Device Design 
The critical components in the 10 kV modules are the 10 kV, 
10 A MOSFET and the 10 kV, 10 A Schottky diode.  Both 
devices are fabricated on 120 µm thick epitaxial layers, 
doped 6x1014 cm-3 and grown on 100 mm 4H-SiC substrates 
(Fig. 1) with micropipe density <1 cm-2.  The MOSFET is 
based on a doubly implanted, cellular structure with nitrided 
gate oxide and degenerately doped poly-Si gates [1].  The 8.1 
mm x 8.1 mm MOSFET chip is the largest MOS switch 
reported in SiC with individual wafer yields as high as 55%.  
The diode is a junction barrier Schottky (JBS) containing a 
non-injecting p+ grid in the active area to attenuate surface 
fields during reverse blocking while forward 
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Figure 1.  Fully fabricated 10 kV, 10 A MOSFETs (8.1 mm x 8.1 mm 
die) on a 100 mm SiC wafer.  
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and 5 kV shows extremely fast transition times of less than 
200 nsec for both the turn-on and turn-off transients (Fig. 
10).  Despite the large number of paralleled parts, the devices 
exhibit stable sharing in static and dynamic testing. 

 

 

IV. 1 MVA SOLID STATE POWER SUBSTATION 
The ultimate test of viability in any new power 

electronics technology is its effect on actual systems.  In this 
case, the 10 kV modules have enabled the design and 
demonstration of a 13.8 kV to 465/√3 V, single phase SSPS 
rated at 1 MVA full power.  The SSPS is a 4 stage, AC – 
AC, soft-switched converter (Fig. 11) that steps the voltage 
at 20 kHz using a compact nano-crystalline transformer to 
facilitate a 75% reduction in weight and a 50% reduction in 
size over conventional 60 Hz analog transformers of the 
same power rating.  At 855 kVA operation, the SSPS 
performs at 97% efficiency with the 10 kV SiC modules 
efficiently running only a few degrees warmer than the 
background coolant temperature of 25oC. 

V. CONCLUSION 
High current half H-bridge modules based on 10 kV SiC 

MOSFETs and JBS diodes have been successfully 
demonstrated with outstanding static, dynamic, and long-
term performance.  These state-of-the-art SiC modules are at 
the heart of a novel solid state transformer technology that 
enables a medium voltage SSPS which meets the basic 
specifications of analog transformer technology while 
providing the benefits of being a digital, multi-tap platform 
with substantial reduction in size and weight. The successful 
demonstration of this Mega-Watt class power electronics 
building block indicates that SiC power devices are poised to 
assume a prominent role in the development of future high 
frequency, medium voltage systems where size and weight 
reductions are critical design criteria 
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Figure 11. SiC enabled 13.8 kV to 465/√3 V, 1 MVA SSPS that is half 
the size and one-fourth the weight of a comparable analog 60 Hz 
transformer. 

 
 
Figure 10. Double pulse switching 5 kV and 100 A using the upper 
switch in the 10 kV, 120 A SiC half H-bridge MOSFET module. 

 
 
Figure 9. SiC power modules demonstrate stable, low leakage 
operation in the off-state (5 kV in red and 6 kV in blue) at 125oC. 
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