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Abstract. We show results from ongoing work studying the interaction
of process variation and built-in fault resilience intended to handle de-
fects. We find that built-in fault resilience decreases the negative effects
of process variation on a streaming nanoprocessor design.
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1 Background

All nanoscale circuit architectures include a defect-tolerance mechanism to han-
dle the high defect rates expected with bottom-up manufacturing techniques.
This is required to achieve acceptable yield, as has been extensively studied.
One such mechanism is built-in fault resilience, where logic is added to allow the
circuit to function even if some of its components are not functioning correctly.
Some proposed systems use reconfiguration to work around defects, but built-in
fault resilience may be required to tolerate faults from other sources.

Another major issue with nanoscale circuits, as with CMOS circuits today, is
process variation. Process variation leads to large variation in delay, which may
cause incorrect function of the system due to missed deadlines and also makes
it difficult to achieve high performance.

We are using WISP-0, a simple 5-stage streaming processor design, based
on the NASIC nanoscale fabric architecture, to explore the impact of process
variation on circuits with built-in fault resilience. NASIC is a tiled 2-D grid-based
circuit fabric using a dynamic circuit style. For more information on NASIC and
WISP-0, please see [1].

2 Simulation Results

We have used results from the literature [2] [3] [4] [5] to implement a timing
model for NASIC. We use the WISP-0 design in our simulations so as to gauge
the effects on a processor. In order to capture the typical behavior, we use
the Monte Carlo method, picking the parameter values used for each wire and
transistor from a distribution. We use a Gaussian distribution with a variation of
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3σ = 60% for each parameter, which is higher than reported by nanoscale device
and materials researchers. Some of the parameters varied are the diameter of the
nanowires, the resistivity of the wires, the contact resistance with the microscale
wires, the pitch of the grid, and the thickness of the gate oxide.

For each set of parameter values, the minimum delay at which the processor
can achieve correct results is determined through simulation. Circuits which
cannot operate correctly at any speed are not considered in the delay statistics.

The type of fault resilience used is integrated error correction (IEC) based
on Hamming codes combined with 2-way redundancy (IEC). Defects considered
are both stuck-on and stuck-off transistors, with the proportions assumed to be
90% stuck-on due to the structure and devices used in NASIC. For more details
about the fault model and fault resilience technique, see [1].

Table 1. Delay per cycle with and without process variation (in picoseconds)

No Variation With Variation (3σ = 60%)

No defects No defects 5% defects 10% defects

182.15 178.47 182.4 184.41

In a traditional circuit, we would expect to see the typical case be slower than
what could be achieved without process variation. However, as can be seen in
Table 1, the mean delay for WISP-0 with fault resilience is instead decreased.
This decrease in delay is due to the IEC handling timing faults, thus allowing
the speed to be pushed further. Since only a limited number of faults can be
tolerated by each stage, as the defect rate goes up, the delay increases as well.

Circuits with built-in fault resilience clearly also have some tolerance for pro-
cess variation. We are working on techniques to further decrease the impact of
process variation on performance, especially in the presence of defects, and to
increase the overall performance of NASIC circuits.

References

1. Moritz, C.A., Wang, T., Narayanan, P., Leuchtenburg, M., Guo, Y., Dezan, C.,
Ben-Naser, M.: Fault-Tolerant Nanoscale Processors on Semiconductor Nanowire
Grids. IEEE Transactions on Circuits and Systems I: Fundamental Theory and
Applications 54, 2422–2437 (2007)

2. Garnett, E., Liang, W., Yang, P.: Growth and Electrical Characteristics of Platinum-
Nanoparticle-Catalyzed Silicon Nanowires. Advanced Materials 19, 2946–2950
(2007)

3. Dehon, A.: Nanowire-based Programmable Architectures. J. Emerg. Technol. Com-
put. Syst. 1, 109–162 (2005)

4. Lu, W., Lieber, C.M.: Semiconductor Nanowires. Journal of Physics D: Applied
Physics 39, R387–R406 (2006)

5. Wu, Y., Xiang, J., Chen, Y., Lu, W., Lieber, C.M.: Single-crystal Metallic Nanowires
and Metal/Semiconductor Nanowire Heterostructures. Nature 430, 61–65 (2004)


	Impact of Process Variation in Fault-Resilient Streaming Nanoprocessors
	Background
	Simulation Results



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




