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ABSTRACT 

Small bursts of inversion layer charge in 4H-SiC metal oxide 
semiconductor capacitors leak through the oxide layer leading to 
discontinuities during capacitance-time measurements. This behavior 
has been observed using non-equilibrium capacitance-time (C-t) and 
current-time (I-t) measurements, at room temperature and at 400 °C. 

 
INTRODUCTION 

Silicon carbide is a unique compound semiconductor because, in 
addition to being ideally suited for high temperatures, extreme 
environments, and high power devices, it has the same native oxide 
as silicon – silicon dioxide. Consequently, intense research has been 
pursued toward developing a commercially viable SiC MOSFET, as 
it would offer better performance than its silicon counterpart in many 
situations.  Although problems still exist, it is reasonable to predict 
that a SiC MOSFET will become commercially available in the near 
future.  For this reason, reliability of SiC MOSFETs is becoming an 
important concern [1]. 

Many of SiC’s useful properties are due to its wide band gap.  
Paradoxically, the wide band gap also causes a major reliability 
concern for the dielectric, since it necessitates substantially smaller 
oxide-semiconductor energy barriers than those of the standard 
Si/SiO2 system. Thus, dielectric breakdown has been found to be 
worse for SiC/SiO2, both by time-zero [2] and time-dependent 
breakdown [3] methods. In addition, the oxide tunneling current is 
higher than that in silicon [4], and is worse at high temperatures [5].  
Furthermore, it has been found that SiC/SiO2 devices suffer from 
negative bias temperature instability (NBTI), which is also a major 
reliability issue for silicon devices [6].  Reliability troubles at 
elevated temperatures are especially concerning, as SiC is desirable 
for its high temperature properties.  

In the following work, we present evidence which suggests that 
sudden bursts of inversion charge drift through the dielectric layer of 
4H-SiC/SiO2 MOS capacitors (MOS-C), without causing destructive 
breakdown.  Evidence consistent with this theory is present in the 
time-dependent capacitance (C-t) and current (I-t) behavior, at room 
temperature and at 400 °C. To the best of the authors’ knowledge, 
this behavior has not been previously reported in either SiC/SiO2 or 
Si/SiO2 MOS capacitors. 

 
EXPERIMENTAL 

MOS capacitors (MOS-C) were formed from n-type 4H-SiC 
samples, grown with Dow Corning chlorosilane/propane chemistry.  
The 20 µm epitaxial layers were nitrogen doped to an approximate 
concentration of 1016 cm-3. A 45 nm SiO2 layer was grown thermally, 
and passivated with NO. Gates were formed from contacts of 
approximate diameters 377 and 675 µm, patterned using 
photolithography. The devices were measured in an electrically 
isolated probe station with a maximum temperature of 400 °C. 

The fundamental purpose of our work is to characterize carrier 
generation lifetime (τg) of 4H-SiC epitaxial layers using the pulsed 
MOS-C technique, which is detailed in [7]. The basic procedure 
starts with an MOS capacitor in accumulation (VG = 5 V); and the 
gate voltage is switched to an inversion bias level (VG = -10 V). The 
inversion layer does not form immediately, since minority carriers 
must be thermally generated. Thus, as the inversion layer forms, the 
space charge region (scr) width below the gate decreases and the 
capacitance increases. The speed and behavior of this recovery 
contain information about the generation lifetime in the scr of the 
device. The MOS-C recovery time depends on the generation rate, 
which is proportional to the intrinsic concentration, ni. At room 
temperature, ni in 4H-SiC is about 500 cm-3 and the generation rate is 
negligible. Thus we use the probe station’s maximum temperature of 
400 °C, which brings ni to about 108 cm-3, and reduces the pulsed 
MOS-C recovery time to several minutes. 

 
RESULTS AND DISCUSSION 

It was observed that some of our SiC MOS capacitors have a 
discontinuity in the C-t curve (Fig. 1). The proposed explanation for 
this behavior is the following: during the recovery from deep 
depletion, inversion charge slowly builds up at the oxide-
semiconductor interface. The electric field across the oxide 
continually increases, due to the increasing inversion and gate 
charge.  The oxide electric field of the device in inversion (VG= -10 
V) is about 2 MV/cm. At points (a) and (b) in Fig. 1, a local 
instantaneous breakdown occurs, which allows some of the inversion 
charge to drift through the dielectric. However, this is not a 
destructive breakdown because after the burst, the inversion layer 
continues to form until complete inversion is reached.  The amount 
of charge which escapes through the oxide is proportional to the size 
of the capacitance drop – thus it is higher for point (a) on Fig. 1 than 
point (b). This makes sense qualitatively, as the electric field is 
higher at point (b) than at point (a). 

Using the same concepts and biasing sequence as the pulsed 
MOS-C method, time-dependent current measurements were made.  
The devices are quickly switched from accumulation to inversion 
biases, resulting in a current which depends on the scr width.  As the 
inversion layer forms, the width of the scr shrinks, and the current 
drops.  Once the full inversion layer is formed and the ideal device is 
in equilibrium, the current ceases. During this process, sometimes a 
discontinuity occurs (Fig. 2) which is consistent with that observed in 
the C-t behavior of Fig. 1. Again, when the inversion charge is lost, 
the scr becomes wider than before. In Fig. 2, this scr widening 
manifests itself as a higher current, which is caused by the larger 
volume of carrier generation.   

A final experiment uses the fact that the room temperature 
generation rate is negligible in 4H-SiC.  Thus, if we use a light 
source to introduce generation to form an inversion layer, once the 
source is removed and the device settles to equilibrium it should 
ideally have a constant capacitance. However, if inversion charge is 
lost through the oxide, the capacitance will decrease to reflect the 
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resulting increase in scr width [9]. A sample plot is given in Fig. 3, 
which has discontinuities that indicate, as seen previously, that 
charge has escaped through the oxide. This case is especially 
interesting because it shows that the behavior is present even at room 
temperature. 

 

 

 

 

 

 

 
 

It is not known whether this behavior is due to oxide or material 
related defects – or a combination of the two. Charge bursts are not 
present in all devices, and usually occur at oxide fields higher than 1 
MV/cm. This phenomenon could potentially impact the reliability of 
SiC MOSFETs, as well as non-volatile memory devices. In a 
MOSFET, this behavior might manifest itself as a sudden, temporary 
decrease in current; the entire event would be much faster since the 
lost carriers would quickly be restored by the source. In a non-
volatile memory element, the effect would be to change the state of 
the device, since the presence of an inversion layer generally 
indicates whether the device is in the “1” or “0” memory state.  

 
CONCLUSION 

A unique phenomenon has been experimentally observed in 
which discontinuities appear in the time dependent capacitance and 
current behavior of 4H-SiC/SiO2 MOS capacitors. The proposed 
explanation is that a fraction of inversion charge bursts through the 
oxide layer of a 4H-SiC/SiO2 MOS-C. To the best of the authors’ 
knowledge, a similar behavior has not been previously observed in 
either Si/SiO2 or SiC/SiO2 MOS capacitors of any type. 
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FIGURE 3.  CAPACITANCE VERSUS TIME WHICH BEGINS 
WITH THE DEVICE IN INVERSION. THE DISCONTINUITIES 

INDICATE A BURST OF CURRENT THROUGH THE GATE 
OXIDE.
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FIGURE 2.  CURRENT VERSUS TIME WITH THE 
DISCONTINUITIES INDICATING A BURST OF CURRENT 

THROUGH THE GATE OXIDE. 

50

100

150

200

0 20 40 60 80 100

C
ur

re
nt

 (p
A

)

Time (s)

T=400 °C

6
8

0 50 100 150 200 250

C
ap

ac
ita

nc
e 

(p
F)

Time (s)

10
12
14
16
18
20

T=400 °C

(a)

(b)

FIGURE 1.  CAPACITANCE VERSUS TIME WITH THE 
DISCONTINUITIES INDICATING A BURST OF CHARGE 

THROUGH THE GATE OXIDE. 

624



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


