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Abstract— This paper demonstrates a low voltage differential
signaling (LVDS)-type on-chip transmission line (TL) intercon-
nect to solve delay issues on global interconnects. The proposed
on-chip TL interconnect can achieve 10.5 Gbps signaling and has
smaller delay, smaller delay variation and better power efficiency
than conventional on-chip interconnects at high-frequencies.

I. INTRODUCTION

Interconnect delay has been increasing due to miniaturiza-
tion of Si CMOS process and constitutes a large percentage
of total delay. Interconnect delay and its variation complicate
the timing design and limiting the performance of LSI.

Transmission line (TL) interconnects have been proposed
to reduce global interconnect delay [1]–[6]. On-chip TL inter-
connects can perform near-speed-of-light signaling and have
much smaller delay than conventional on-chip lines (so-called
RC lines). We have developed current mode logic (CML)-
type on-chip TL interconnects for applying critical paths [3]–
[6]. CML buffers can operate in high frequency and have
tolerance to the common mode noise. However, CML buffers
have large static power dissipation. The design challenge for
the TL interconnect is improvement of power efficiency, which
is one of the most important metrics for interconnects from
the view point of circuit design.

This paper proposes a low voltage differential signaling
(LVDS)-type on-chip TL interconnect with passive equalizers
as an RC-line alternative. We will demonstrate the effec-
tiveness and impact of the LVDS-type TL interconnect by
comparing to the conventional on-chip interconnects.

II. INTERCONNECT DESIGN

Delay and power consumption are important considerations
for on-chip TL interconnects. Ideas for improving these por-
tions are discussed as follows.

Figure 1 shows the proposed LVDS-type on-chip TL in-
terconnect. The number of circuit stages in transmitter (TX)
and receiver (RX) has to be minimized to achieve small
delay and small delay variation. Delay at TL is very small
because signals can propagate in electromagnetic-wave speed.
Offset delay (delay at line-length of zero) is dominant for TL
interconnects, and the reduction of offset delay is the important
issue [6].

Figure 2 shows current flows in CML- and LVDS-type TX
circuits. Large Ri-product is required to achieve large voltage
drop, i.e. signal amplitude at outputs in the CML-type TX. R
is determined by impedance matching condition and is almost
50 Ω. The CML-type TX requires large extra current i to
achieve large Ri-product. In the LVDS-type TX, off resistance
of transistor is much higher than 50 Ω, and most of currents
flow into the TL. Thus, the LVDS-type TX can easily achieve
static power consumption rather than the CML-type TX.

The design difficulty of on-chip TL interconnects is large
resistance of TL and its frequency dependence due to skin
effect. For example, the 5-mm-long TL has attenuation of
approximately 8 dB at 10 GHz [9]. Output amplitude of TX is
proportional to power consumption, so large signal attenuation
and frequency dependence require large power consumption
of TX. Loss compensation techniques have been used in off-
chip serial-links because frequency dependence of on-board
TL has been becoming significant due to increase of signal
frequencies. Equalizers can compensate frequency dependence
of loss in TL and improve eye-diagram. Thus, the equalization
technique contributes power saving of TL interconnect.

The proposed TL interconnect has passive equalizers that
consist of small-size inductors and capacitors as shown in
Fig. 1. The passive equalizers behave as a high-pass filter.
The inductor can have a DC resistance of 50 Ω. DC resistance
can be used as terminator at lower frequency, and small-size
and low-Q inductor can be used. The capacitor in equalizer
reduces common-mode impedance and can improve common-
mode noise robustness.

III. MEASUREMENT

Figure 3 shows the chip micrograph of a prototype fabri-
cated by using 90 nm Si CMOS process. Figure 4 shows time-
domain measurement. The proposed interconnect can achieve
10.5 Gbps signaling as a timing margin is assumed to be 0.2.
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Fig. 1. Schematic of the LVDS-type on-chip TL interconnect.
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Fig. 2. Current flows in TXs of LVDS and CML interconnects.
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Table I shows performance summary. Measured delay and total
power consumption of 5-mm-long TL interconnect are 173 ps
and 2.7 mW, respectively.

Figure 5 shows simulated and measured delay and power
consumption. Line width and pitch between lines at RC
line are minimum sized for the process. Transistor sizes for
RC line are designed to minimize delay, and repeaters are
inserted every 0.4 mm. Power consumption of TL interconnect
is almost determined by static power consumption of TX and
RX which does not depend on signal frequency and line length.
TL interconnect has smaller delay and power than the RC line
at over 2 mm.

Figure 6 shows delay variations. The TL interconnect has
much smaller delay variation than the RC line. The TL
interconnect does not require repeaters, which can eliminate
the delay, delay variation and power consumption of repeaters.

Figure 7 shows a performance comparison. The LVDS-type
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Fig. 3. Micrograph of the test circuit. Total area of TX and RX is 11,100 μm2

including inductors. Width of DTL is 4 μm. Lossless differential impedance
is about 100 Ω. The length is 5 mm.
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Fig. 4. Time-domain measurement. The timing margin is eye-width at bit
error rate of 10−16 divided by period.
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Fig. 5. Delay and power consumption of TL interconnect and RC intercon-
nect. Signal frequency is 10 Gbps.
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TABLE I

PERFORMANCE SUMMARY.
Process 90 nm Standard Si CMOS
Signal frequency 10.5 Gbps
Average delay of 23 chips 173 ps/5 mm
Power consumption Tx: 1.9 mW, Rx: 0.8mW
(VDD = 1 V, @10 Gbps) Total: 2.7 mW
Energy per Bit (@10 Gbps) 0.27 pJ/bit
Jitter p-p 31 ps
Delay variation 55 ps

Area of TX and RX 11,100 μm2
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Fig. 7. Performances of on-chip interconnects. Lines of ED products, which
are product of delay and energy per bit, are shown. Smaller ED product means
better performance [10].

TL interconnect has the better delay and power efficiency than
the other on-chip interconnects.

IV. CONCLUSION

The LVDS-type TL interconnect with passive equalizers was
proposed to solve delay issues of on-chip interconnects. The
proposed TL interconnect fabricated by using 90 nm Si CMOS
process can transmit 10.5 Gbps signals. Delay of the TL
interconnect is 173 ps/5 mm which is 74 % smaller delay than
that of the conventional on-chip line. The TL interconnect has
much smaller delay variation than the RC line. The proposed
TL interconnect can be one of the most potent candidate for
a breakthrough in global interconnect delay issues.

ACKNOWLEDGEMENT

This work was partially supported by MEXT.KAKENHI, JSPS.KAKENHI,

NEDO, and VDEC in collaboration with STARC, Fujitsu Limited, Matsushita

Electric Industrial Company Limited, NEC Electronics Corporation, Renesas

Technology Corporation, Toshiba Corporation, Cadence Design Systems, Inc.,

and Agilent Technologies Japan, Ltd.

REFERENCES

[1] R. T. Chang, et al., IEEE JSSC, vol. 38, no. 5, pp. 834-838,
2003.

[2] A. P. Jose, et al., Proc. IEEE VLSI Circuits, pp. 108-111, 2005.
[3] H. Ito, et al., Proc. IEEE IEDM, pp. 677-680, 2004.
[4] H. Ito, et al., Proc. IEEE A-SSCC, pp. 417-420, 2005.
[5] S. Gomi, et al., Proc. IEEE CICC, pp. 325-328, 2004.
[6] T. Ishii, et al., Proc. IEEE A-SSCC, pp. 131-134, 2006.
[7] M. Mizuno, et al., Proc. IEEE ISSCC, pp. 366-367, 2000.
[8] F. O’Mahony, et al., IEEE JSSC, vol. 38, pp. 1813-1820, 2003.
[9] H. Ito, et al., Proc. IEEE SPI, pp. 217-220, 2006.

[10] T. Kuroda, et al., IEICE Trans. Electron., vol. E78-C, no. 4, pp.
334-344, 1995.

1D-2

98



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /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 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


