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On-chip interconnects fabricated using copper damascene technology have provided the 
performance necessary to keep pace with the International Technology Roadmap for 
Semiconductors (ITRS) [1] since the adoption of copper as a replacement for aluminum-based 
wiring schemes.  As microelectronics moves towards the 45 nm node and beyond, however, a 
multitude of factors provide a formidable challenge for the science and engineering 
community.  Issues such as reliability under high current stress, and high resistivity due to 
enhanced electron scattering processes at small dimensions provide the motivation for new 
on-chip interconnect material development.  Carbon-based nanostructures such as carbon 
nanotubes (CNTs) and carbon nanofibers (CNFs) have been shown to possess outstanding 
electrical [2-4], thermal [5-7], and mechanical [8-9] properties suitable for on-chip 
interconnect integration schemes.  
 
This work presents a critical evaluation of both the reliability and resistivity of carbon 
nanofiber structures as they apply to interconnect systems.  A model system for the work 
presented here is shown in figure 1.  A free-standing, vertically aligned CNF array is grown 
by plasma enhanced chemical vapor deposition (PECVD) [10] as shown in figure 1 (a), and is 
subsequently gap-filled with SiO2 and subjected to chemical mechanical polishing [11] as 
shown in figure 1 (b).  Figure 1 (c) shows the microstructural characteristics of a single as-
grown CNF investigated by transmission electron microscopy (TEM).   Initial electrical 
testing performed on single CNFs show the metallic behavior of our plasma-grown nanofibers 
at room temperature (figure 2).  Stress tests performed at room temperature indicate the 
robustness of the CNF array, as shown in figure 3.  The inset of figure 3 shows the I-V 
characteristics of the array after approximately 180 hours of high current density stress (1x107 
A/cm2), showing no degradation of the ohmic behavior.  Similar measurements conducted at 
elevated temperatures exhibited the same characteristics.  In addition to the outstanding 
reliability demonstrated by the CNF array, low temperature measurements were performed to 
elucidate their fundamental electron transport processes.  The low-temperature conductance of 
the CNF array (figure 4) can be explained by examining transport processes at low 
temperatures of pure basal plane graphite, where the conductance monotonically increases 
with respect to temperature.  At temperatures above 180K, the material behaves as a metallic 
conductor, exhibiting a low temperature coefficient of resistance (TCR). 
 
Fundamental measurements of temperature-dependent conductance and reliability of carbon 
nanofiber array structures have been investigated.  The results of these studies demonstrate 
progress towards the possible integration of these carbon-based nanostructures into next-
generation ultra-large scale integrated (ULSI) on-chip interconnect schemes.  While the 
preliminary electrical measurements demonstrate the viability of this material for interconnect 
applications, further work is required to eliminate integration issues before such structures are 
implemented. 
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Figure 1. (a) cross-sectional SEM view of plasma-
grown CNF array. (b) Angled view of CNFs 
protruding from SiO2 matrix. (c) TEM image 
showing nickel catalyst particle and fiber-like 
microstructure of a single CNF. 
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Figure 2. Typical current-voltage characteristics for 
a single carbon nanofiber. 
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Figure 3. Current density versus time over several 
days at room temperature.  Inset: I-V characteristic 
of same CNF array after 180 hour stress testing. 
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Figure 4. Conductance per unit length versus 
temperature for a CNF array.  The conductance 
exhibits a monotonic increase with respect to 
temperature for T < 180K, and exhibits metallic 
behavior at temperatures approaching room 
temperature.  

 

100 nm100 nm

(c) 

2µ m 

5µ m 5µ m 

(a) 

(b) 

100 nm100 nm

(c) 

2µ m 

5µ m 5µ m 

(a) 

(b) 

2µ m 

5µ m 5µ m 

2µ m 

5µ m 5µ m 

(a) 

(b) 

Poster 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


