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Motivation

 Wideband radios with higher SNR (e.g. WiMax)
 Lower absolute jitter of LO
 Both fractional spurs and phase noise

contribute to jitter
 Target is efficiency (low jitter at low power)
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Efficiency: Figure of Merit
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Digital Fractional-N PLLs

 Low spur and low noise require TDC with high 
resolution and linearity

 High-performance TDCs burn large power

Hsu, ISSCC ’08
Zanuso, ISSCC ’10
Borremans, ISSCC ’10
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Can we use a single-bit TDC?
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Integer-N PLL with 1b-TDC

 The time average of e[k] accurately and linearly
measures Δt
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Is Fractional-N PLL with 1b-TDC feasible?

 Divider dithering would produce Δt much larger 
than thermal component
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Phase Noise Spectra of PLLs with 1b-TDC
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Dominating ∆Σ Dithering Signal

Fractional 
periodicity

The deterministic 
∆Σ dithering
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Introduction of Fine Fractional-N Divider

Thermal-Noise 
Regime is recovered

The deterministic 
∆Σ dithering is 

reduced by 
about 1,000

(if n=10)
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How can we achieve 10b equivalent 
resolution in a fractional-N divider?
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Proposed Architecture
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Proposed Architecture (cont’d)

 Amplitude of ∆Σ
dither reduced by 210
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Basic Principle of Proposed Architecture
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Range Adaptation of Controllable Delay
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Correct Interpolation of Phase Ramp
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Proposed Architecture with Gain Estimation

 Amplitude of ∆Σ 
dither reduced by 210

 Controllable delay 
gain is estimated in 
background
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Controllable Delay Implementation
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Segmented Implementation
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Dual-Modulus N/(N+0.5) Divider
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Phase Mismatch Impairments

 Unwanted frequency modulation 
 E.g. 10% mismatch produces –20dBc spur

Example: division by (N+0.5)
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Background Mismatch Correction

 Same correction for capacitor mismatches
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Circuit details
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Circuit Design: Feedback Path
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to 1b-TDC

 Differential logic for better supply rejection
 Smaller area/higher power consumption

© 2011 IEEE  IEEE International Solid-State Circuits Conference © 2011 IEEE



Circuit Design: Forward Path

 Proportional/Integral filter with 1st-order ∆Σ
 5b-DAC (with 1st-order RC filter) driving a VCO
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Implemented Synthesizer
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Die Photograph

 65nm CMOS
 Active area: 

0.22mm2

 Chip area: 1.0mm2

 Power: 4.5mW
 Supply voltage: 

1.2V
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Mismatch Correction

 Worst-case fractional spurs are in band
 Phase mismatch correction provides 22-dB spur 

reduction

22dB
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Measured Jitter with In-Band Spur at 100kHz
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Measured Jitter vs. Channels
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Measured Convergence of LMS Coefficients 
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GMSK modulation

 1.25 Mb/s bit rate (BT = 0.5) with 300kHz PLL BW
 Demonstrates direct digital PM with bang-bang PLL

1.875 MHz

I

Q
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Performance Summary

*Jitter measured when fractional spurs fall out of band
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Figure-of-Merit
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Conclusions

 Low-power low-noise digital ∆Σ fractional-N 
frequency synthesizer is achieved with
– elimination of power-hungry multi-bit TDC
– introduction of a 10b segmented fractional-N divider
– use of digital adaptation of delay range and digital 

correction of mismatches in background
 First demonstration of high-performance bang-

bang fractional-N PLL with digital modulation 
capability

<-39dBc integrated noise at 4.5mW power

© 2011 IEEE  IEEE International Solid-State Circuits Conference © 2011 IEEE



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 200
  /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 400
  /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

  /CreateJDFFile 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.)
    /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 (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




