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Abstract 
 
 A voltage scale, Vs that characterizes electro-thermal 
runaway, is deduced from the heat conduction equation, 

0/sV    , where  is the thermal conductivity and 0   
is the rate of change of the electrical conductivity with 
respect to temperature. Vs depends only on material 
properties and is independent of geometry and the 
operating voltage.  Vs measures the intrinsic tolerance of 
the material to electro-thermal instability. Numerical 
values of Vs are consistent with the well-known properties 
of several common materials.   
 
 

I. INTRODUCTION 
 

It has been estimated that contact problems account for 
approximately 40 percent of all electrical/electronic 
failures [1]. Severe heating due to local current 
constrictions at thin film contacts [2-4] and at bulk 
contacts [3,5] is also a concern in high power 
microwave sources, pulsed power systems, field 
emitters, thin film devices, integrated circuits, and 
interconnects. In this paper, we investigate one aspect 
of electro-thermal instabilities, namely, the increase in 
electrical conductivity as the temperature increases, as 
is typical of semiconductors. This may lead to thermal 
runaway, at a fixed voltage, as illustrated in Fig. 1.  

 
 

II. VOLTAGE SCALE FOR ELECTRO-
THERMAL RUNAWAY 

 
 Consider the heat conduction equation, 
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Figure 1. Electro-thermal runaway: a positive feedback. 
 
where C is the heat capacity,  is the thermal 
conductivity, T is the temperature relative to some base 
value, J


 is the current density, and E


 is the electric 

field. In Eq. (1), the first term on the RHS is the heat 
diffusion term, and the second term is the heat source 
term due to ohmic heating. Assume that electrical 
conductivity σ(T) increases as temperature T increases. 
By Taylor expansion and ignoring 2nd and higher orders, 
we have 
 

0 0( )T T     ,                                   (2) 

 
where σ0 is the initial conductivity of the material, and 

0   is the rate of change of the electrical conductivity 
with respect  to temperature. By using Eq. (2), the heat 
source term in Eq. (1) becomes, 
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Inserting Eq. (3) into Eq. (1), we have, 
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Taking the Fourier transform of Equation (4), ~ jk xT e
  , 

we have, with  k k
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where ( )k


is the delta function and  
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It follows that T grows exponentially with time if 
 

skVE             (7) 

 
where Vs is the voltage scale which depends only on 
material properties,  
 

0



sV .             (8) 

 
 Note that Vs is independent of geometry, the operating 
voltage, and the heat capacity. It measures the intrinsic 
tolerance of the material to electro-thermal instability. 

  Values of , 0   and Vs are summarized in Table 1 for 

some common materials. We conclude that SiC is the 
most resistant to thermal runaway for the same geometry 
and the same operating voltage, consistent with the well-
known property of this material.    
 
 

Table 1. Voltage scale for electro-thermal runaway. 
 κ 

[W/(m-K)] 
[6-9] 

σ0’ 
[1/(Ω-m-K)] 

[10-13] 

Vs 
[Volt] 

Si 142 0.0012-0.7 14.2-348.9 
Ge 58 0.0001-0.05 34-761.6 
C 

(graphite) 
127 1.67×10-4-

8.33×10-6 
872.9-
3903.8 

SiC 370 4×10-7 or 
negative 

3×104 

 
 
 

III.  SUMMARY 
 
A voltage scale Vs is deduced from the heat conduction 
equation to characterize electro-thermal runaway.  It 
depends only on material properties and is independent of 
geometry or the operating voltage. It measures the 
intrinsic tolerance of the material to electro-thermal 
instability. Our results based on the calculated voltage 

scale Vs are consistent with the well-known properties of 
several common materials.   
 It is important to note that our formulation is quite 
general and may be applied to other materials, as long as 
proper approximations in Eq. (2) for the temperature 
dependent electrical conductivity are used.  
 
 

IV. REFERENCES 
 
[1] P. G. Slade, ed., Electrical Contacts: Principles and 
Applications, New York: Marcel Dekker, 1999; P. 
Stratton, private communications; Review of Federal 
Programs for Wire System Safety, National Science and 
Technology Council Final Report, 2000; J. S. Kuzniar and 
G. A. Slenski, “Wire Integrity Field Survey of USAF 
Legacy Aircraft”, Defense Technical Information Center, 
ADP014075, 2001. 
[2] P. Zhang, Y. Y. Lau, and R. S. Timsit, “On the 
Spreading Resistance of Thin-Film Contacts”, IEEE 
Trans. Electron Devices, vol. 59, pp. 1936 – 1940, 2012. 
[3]  P. Zhang, “Effects of Surface Roughness on Electrical 
Contact, RF Heating and Field Enhancement”, doctoral 
dissertation, University of Michigan, Ann Arbor (2012). 
[4] P. Zhang, D. Hung, and Y. Y. Lau, “Current flow in a 
3-terminal thin film contact with dissimilar materials and 
general geometric aspect ratios”, J. Phys. D: Appl. Phys., 
vol. 46, p. 065502, 2013; Corrigendum, ibid, vol. 46, p. 
209501 (2013). 
[5] P. Zhang and Y. Y. Lau, “Constriction resistance and 
current crowding in vertical thin film contact”, IEEE J. 
Electron Dev. Soc., in the press, 2013. 
[6] mtixtl.com/xtlflyers/SiC.doc  
[7]http://www.ioffe.ru/SVA/NSM/Semicond/Si/thermal.ht
ml 
[8]http://www.ioffe.ru/SVA/NSM/Semicond/Ge/thermal.
html 
[9] http://www.jyi.org/issue/thermal-conductivity-
measurements-of-graphite-samples/ 
[10]http://library.thinkquest.org/10784/tempcoeffs_resisti
vity.html 
[11]http://hyperphysics.phy-
astr.gsu.edu/hbase/Tables/rstiv.html#c1 
[12]http://www.microwaves101.com/encyclopedia/silicon
carbide.cfm 
[13]http://cdn.intechopen.com/pdfs/21151/InTech-
Recent_developments_on_silicon_carbide_thin_films_for
_piezoresistive_sensors_applications.pdf 
 



<<
  /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


