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Overview

Background & Motivation
Conventional methods to cope w/ noise on timing

Guard-banding based on Static IR-Drop Analysis
Gate delay estimation considering noise waveform

Evaluation of conventional estimation method at 45nm
Proposed method to improve the estimation accuracy
Evaluation results of the proposed method
Conclusion
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What is Power/Ground Noise ?

Temporal P/G level fluctuation due to simultaneous signal switching.
→May cause timing failure.

So far, guard-banding based on static IR-drop analysis.
Recently, dynamic voltage drop analysis tools are introduced.

Reduce peak voltage drop by proper placement of decoupling cells.

Power/Ground Noise
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W/ Process technology scaling
Current density↑, Wire resistance↑
Power supply voltage↓, Non-linearity of voltage-delay characteristics↑

Noise amplitude unchanged despite technology scaling
[A.Mezhiba, IEEE Trans. on VLSI ’04]

→ Concern about timing failure becomes more serious.↑

Comparison of voltage-delay characteristics

Technology Trends

Almost linear at 180nm.

Strong non-linearity 
in recent Techs.

n=10, Xi={INV}



2010/01/21 <5>

Express path delay fluctuation as follows

Approximate the sensitivity by mth order
polynomial and assume uniformity. 

→ Delay estimation by static IR-Drop analysis gives a reasonable approximation, 
only for setup critical path with insignificant sensitivity difference of each stage.
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Static IR-Drop Analysis and It’s Limitation
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Δv(t)where n: # of stages, Δv(t): noise waveform,
Di: ith stage delay, Ti: arrival time of ith gate output,
∂Di/∂v: ith stage delay sensitivity  to voltage.
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Conventional Gate Delay Estimation Method

Gate delay estimation considering noise waveform at 180nm node.
Based on Eq. DC voltage approach.
Classify the fluctuations into following two cases.

Stage delay increase in Current Change Case
Stage delay decrease in Charge Change Case

→Evaluate at 45nm node and improve the accuracy if needed.

Vdd Eq. DC voltage

Vss Eq. DC voltage

[Hashimoto, ASP-DAC’05]
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Review of Current Change Case
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Corresponds to rising transition under power supply noise.
Stage delay increase since charging current becomes less.
Eq. DC voltage is heuristically determined by averaging the noise 
between 0%-60% period of output waveform at an ideal voltage.

An example of Current Change Case Averaging interval for Eq. DC voltage

Averaging interval

Stage delay

Delay increase

Input Output
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Review of Charge Change Case

Corresponds to falling transition under power supply noise.
Stage delay decreases since output voltage is dropped in prior to the 
transition.
Obtain starting voltage from output response to power supply noise.

An example of Current Change Case Obtain output response to the noise.

Output response to noise 
Starting voltage (Vt0)

Stage delay

Delay decrease

Output response to noise 
Starting voltage (Vt0)

Stage delay

Delay decrease

Input Output
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CL1 CL2

X1

Dpath : Path delay at an ideal supply voltage

X2 Xn

CLn-1 CLn

50% 50%

Vdd

Vdd

Use triangular signal as a noise waveform.
Sweep noise injection time within path timing window to obtain stage 
delay fluctuations.
Evaluate the computed results against the SPICE reference.

Experimental circuit

W

H
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Evaluation of conventional method at 45nm node

21fF21fF

Hvth Lvth Lvth Lvth

26fF26fF 31fF31fF 46fF46fF

Vdd H=0.4 (V)
W=Dpath/2

X1 X2 X3 X4

Current Change Case: X1, X3
The tendencies of stage delay increase differ from the references.

→Need to revise an averaging interval to obtain Eq. DC voltage.
Charge Change Case: X2, X4

There exists both delay increase region as well as decrease region.

An example circuit of the evaluation.

Evaluation results.

≒100ps
> 200psX1

X2
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Improve the estimation of Current Change Case

Ti-1 Ti Ti+1
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Conventional method assumes linearity of voltage-delay characteristics and 
small fluctuation.
Need to consider non-linearity in recent technologies.
→ Iteratively find Ti satisfying Ti – Ti-1 = Di + ΔDi.
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Estimate delay increase iteratively
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Improve the estimation of Charge Change Case

Since PMOS is already OFF, delay increase originates from a temporal 
NMOS Vgs reduction.
Apply the iterative procedure as well as the Current Change Case with delay 
sensitivity to gate input voltage instead of supply voltage dependence.
The stage delay decrease is estimated before the increase is estimated and 
both cases are considered.

An example of delay increase in Charge Change Case. Delay increase due to NMOS Vgs reduction.
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W=Dpath/2

Why was increase in Charge Change Case missed?

Stage delay increase in Charge Change Case is negligibly small at 180nm node.
Emerged since noise amplitude and over-drive voltage (Vdd-Vth) become 
comparable.

Negligibly small 
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Improved estimation results
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Estimation results of the improved procedure

The estimations are improved considering following factors.
Non-linearity of voltage-delay characteristics.
Decrease in over-drive voltage (Vdd-Vth).
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Evaluation of proposed method

Parameter Values
Xi INV, NAND2, NOR2
Drivability x1, x8
Cell Vth Hvth, Lvth

CLi [1, 30] (fF)
#stage (n) 10
W Dpath/2
H 0.2 (V)
#circuits 100

Parameter Values
Xi INV, NAND2, NOR2
Drivability x1, x8
Cell Vth Hvth, Lvth

CLi [1, 30] (fF)
#stage (n) 10
W Dpath/2
H 0.2 (V)
#circuits 100

Evaluate average error and standard deviation for each randomly-
generated circuit.
Compare averaging voltage within path delay (setup critical case with 
static-IR-drop analysis), conventional, and proposed.

Circuit conditions

Definition of evaluation metric

→ (μerror, σerror)
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Evaluation results

Delay fluctuation due to noise is 8.2% on average.
Error is improved to 1.4% by guard-banding of Static IR-Drop.
Errors of conventional and proposed which consider dynamic noise
waveform are 2.0% and 0.61%, respectively.
New estimation factors need to be considered in recent technologies.
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Estimation error (%)

ConventionalConventional
ProposedProposed

AverageAverage
w/o noise considerationw/o noise consideration

Estimation methods Est. error
μ (%) σ (%)

without noise consideration 8.2 3.4
Average 1.4 3.3
Conventional 2.0 5.0
Proposed 0.61 1.8

Estimation methods Est. error
μ (%) σ (%)

without noise consideration 8.2 3.4
Average 1.4 3.3
Conventional 2.0 5.0
Proposed 0.61 1.8

Evaluation results

Average Estimation Error

(8.2%, 3.4%)

(0.61%, 1.8%)

(1.4%, 3.3%)

(2.0%, 5.0%)



2010/01/21 <17>

Conclusion

Timing estimation based on static IR-drop analysis 
gives an optimistic results in the cases where,

Short delay path
Significant delay sensitivity difference to voltage of each stage.

Following factors need to be considered in the recent 
techs. in addition to the conventional method proposed 
at 180nm node.

Non-linearity of voltage-delay characteristics
Decrease in over-drive voltage.

Errors in experimental circuits are reduced from 8% to 
2%.



2010/01/21

Thank You


	Gate Delay Estimation in STA under Dynamic Power Supply Noise
	Overview
	What is Power/Ground Noise ?
	Technology Trends
	Static IR-Drop Analysis and It’s Limitation
	Conventional Gate Delay Estimation Method
	Review of Current Change Case
	Review of Charge Change Case
	Experimental circuit
	Evaluation of conventional method at 45nm node
	Improve the estimation of Current Change Case
	Improve the estimation of Charge Change Case
	Why was increase in Charge Change Case missed?
	Improved estimation results
	Evaluation of proposed method
	Evaluation results
	Conclusion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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.)
    /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 (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


