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ULTRA-HIGH VOLTAGE SILICON CARBIDE THYRISTORS – 
NEXT-GENERATION POWER ELECTRONICS BUILDING BLOCKS 

R. Singh and S.G. Sundaresan 

GeneSiC Semiconductor, 43670 Trade Center Place, Suite 155, Dulles, Virginia, USA 

ABSTRACT 
Advanced power electronics hardware requiring ultra-high-voltage (>6.5 kilovolts [kV]), high-current 

(>50 amperes) switches have limited alternatives. Present silicon-based bipolar devices like insulated gate bipolar 
transistors (IGBTs), gate turn-off (GTO) thyristors, integrated gate-commutated thyristors (IGCTs), and emitter turn-
off (ETO) thyristors suffer from low switching speeds, low junction temperature, poor paralleling behavior, lack of 
effective gate control, long repetitive recovery times (tq), and a low theoretical upper limit (~10 kV) of device 
voltage rating. Silicon carbide (SiC)-based double-junction injecting devices like thyristors have the potential to 
alleviate many of these limitations by offering lower VF, multi-kHz switching, and ease of paralleling since they 
require thinner/higher-doped epitaxial layers with smaller carrier lifetimes, and low intrinsic carrier densities to 
achieve a given device blocking voltage. These capabilities are expected to usher in a revolution in power 
electronics hardware for the utility grid, as well as pulsed power applications within the next decade. 

Keywords: SiC thyristor, high-voltage, high-current, power conversion, utility grid 

 
This paper outlines the progress on high-voltage 

(≥ 6500 volts [V]) power silicon carbide (SiC) 
thyristor developments that is targeted at applications 
ranging from utility grid power conversion to pulsed 
power and high-temperature applications. Several 
flavors of SiC thyristor-based devices are presented 
to address the widely different performance metrics 
demanded by various application areas. Fast plasma 
spreading (FPS) thyristors are pursued for pulsed 
power applications requiring ultra-fast turn-on 
capability, while anode switched thyristors (ASTs) 
are developed for applications requiring ease of gate 
control and 5 to 10 kHz frequency operation.  
Detailed on-state, blocking voltage, turn-on, turn-off, 
and reliability metrics of the SiC thyristor-based 
devices are presented. A special focus of this paper 
will be the insertion of SiC thyristors in two diverse 
applications: a pulsed power circuit and a power 
converter test bench. 

A number of key process steps including 
controlled slope SiC etching (Figure 1), precise edge 
terminations, surface passivation, and optimized 
metallization schemes were developed at GeneSiC in 
support of high-voltage SiC thyristor fabrication. As a 
result of numerous design and process innovations, 
near-ideal blocking voltages with low leakage 
currents at high temperatures (Figure 2) are recorded 
on packaged 6.5-kV SiC thyristors. A photograph of a 

packaged 6.5-kV/40-ampere (A) SiC thyristor is 
shown as an inset in Figure 2. Nearly temperature-
independent differential on-resistances as low as 
2.5 mΩ-cm2 are extracted from high-current 
measurements (Figure 3) on large-area 28 mm2 and 
77 mm2 SiC thyristors. A comparison with a 
commercial 4-kV Si thyristor (Figure 4) shows a 
smaller VF for the GeneSiC SiC thyristor at current 
densities > 430 A/cm2 on account of its lower on-
resistance. The thyristor turn-on or turn-off is 
accomplished by switching the appropriate Si metal-
oxide-semiconductor field-effect transistors 
(MOSFETs) on or off. In Figure 5, a cathode current 
of 28 A is turned off in ≈ 1 µs at 25 °C by the AST 
circuit. In Figure 5, a cathode current of 62 A flowing 
through a 77-mm2 SiC thyristor is turned off by the 
forced commutation technique by applying a reverse 
bias of +30 V to the cathode and maintaining a turn-
off dI/dt of 405 A/µs. For a re-applied dV/dt of 
520 V/µs, a minimum turn-off time (tq) of 6.3 µs 
needs to elapse before the thyristor is capable of 
supporting a forward blocking voltage without 
exhibiting a spurious turn-on by the dV/dt effect. 

These demonstrations bode well towards 
adopting SiC-based thyristors as fundamental 
building blocks for advanced power electronics 
hardware for energy storage and smart grid 
applications 
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Fig. 1.  Cross-sectional SEMs of SiC Mesas etched with 
arbitrarily chosen sidewall slopes. 

 
 
Fig. 2.  Comparison of blocking voltages of 
GeneSiC’s SiC thyristor with a 4-kV Si thyristor. 

 

 
 
Fig. 3.  On-state I-V characteristics of large-area 77-mm2 
and 28-mm2 6.5-kV SiC thyristors. 

 

 
 
Fig. 4.  Comparison of 25 °C on-state 
characteristics of GeneSiC’s SiC thyristor with a  
4-kV Si thyristor. 

 
Fig. 5.  Reverse recovery characteristics of 77-mm2 
Thyristor commutating 62 A at 405 A/µs by applying  
+30 V cathode bias. Minimum turn-off time = 6.3 µs. 

 
Fig. 6. On-state voltage drop comparison between 
silicon and SiC bipolar devices for various utility 
voltages. 
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of power device pioneer Prof. B. Jayant Baliga. 

  



132 

 


	BIOGRAPHICAL NOTE


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

    /Arial-Black

    /Arial-BlackItalic

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialUnicodeMS

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Impact

    /LucidaConsole

    /Tahoma

    /Tahoma-Bold

    /TimesNewRomanMT-ExtraBold

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [1200 1200]

  /PageSize [612.000 792.000]

>> setpagedevice



