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Abstract— This paper presents an all digital measurement
circuit called “gated oscillator” for capturing waveforms of
dynamic power supply noise. The gated oscillator is constructed
with standard cells, and thus can be easily embedded in SoCs
for design verification. The performance of the gated oscillator
is verified with fabricated test chips in a 90nm process.

I. INTRODUCTION

Power supply noise has become a serious problem in
recent processes, and many circuits have been proposed for
measurement of power supply noise [1]-[7]. However, most
of existing measurement circuits require analog circuitry, and
need dedicated analog power and bias lines. The additional
area and routing costs restrict the number of measurement
circuits integrated in a DUT and their placable positions.

In this paper, we present an all digital measurement circuit
for dynamic noise waveform. Features of our circuit are: 1)
including only digital standard cells, 2) no need for dedicated
analog power supply and reference voltage, 3) small circuit
area, and 4) operation with any external clock.

Our measurement circuit is easily embedded for SoC power
integrity verification because it can be built only with standard
cells. Its layout design is compatible with common cell-base
design and the size and shape are flexible. Our measurement
circuit does not need analog design techniques, and circuit and
physical design is very easy.

II. MEASUREMENT CIRCUIT STRUCTURE
A. Gated oscillator

Figure 1 shows the measurement circuit named ‘“gated
oscillator” for dynamic power supply noise measurement. The
gated oscillator consists of only digital circuit components;
inverters, a NAND gate, and transmission gates.

The operation of the gated oscillator is explained using
Fig. 2. The gated oscillator operates only while ‘enable’=1,
and the oscillating signal is stopped by the transmission
gates when ‘enable’=0. Suppose a repetitive power supply
noise waveform in Fig. 2. The cycle count of the oscillator
depends on only the power supply voltage while enabled.
The supply waveform while ‘enable’=1 is sampled, and the
operation of the gated oscillator is hold while ‘enable’=0.

To counter ctrli1
Fig. 1.
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Fig. 2. Operation of the gated oscillator.
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Sufficient toggle count by repetitive operation is required
for fine voltage resolution. The analog voltage of the power
supply is translated into the toggle count. Therefore, the gated
oscillator can be regarded as a sample and hold circuit with
an A/D converter.

We also need to measure the cycle count beforehand varying
supply voltage for making a calibration table of voltage vs.
cycle count. When measuring an actual noise, the voltage at
every timing is computed from the measured cycle count with
the prepared calibration table. We then construct the dynamic
power supply noise. The calibration for each die eliminates
process variation effect.

An important metric of the measurement circuit is the
voltage resolution. In the gated oscillator, the number of
transmitting gate while ‘enable’=1 is changed by the supply
voltage. In addition, the gated oscillator can preserve the
intermediate voltage of the transition at the timing when the
oscillation is stopped (Fig. 3). When ‘enable’ is set from 1 to 0
while the inverter input is changing from 0 to 1 or 1 to 0, the
input voltage is preserved at an intermediate level, whereas
rigidly speaking, charge injection through the transmission
gate slightly changes the voltage. After ‘enable’ is restored to
1, the transition restarts from the preserved intermediate level.
This intermediate voltage preservation holds the ring oscillator
state continuously, which improves the voltage resolution.

B. Implementation of measurement circuit

The circuits for ‘enable’ signal generation is needed for the
gated oscillator. We designed an ‘enable’ signal generator in
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Fig. 6. Comparison results of calibration
results. Timing widths of ‘enable’ pulse
are set to 5, 10, 15-stage buffer delay.
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Fig. 5.
test chip.

Micrograph of the

Fig. 4 that consists of VDC(Variable Delay Circuit), XOR,
AND gates, and a selector. Note that other timing generators
can be also used for measurement. This generator varies the
pulse width and timing of ‘enable’ signal by controlling VDC.
The generated pulse width is |D1 — D2|, where D1, D2 are
the delays of VDC. The pulse timing of ‘enable’ from ‘CLK’
edge is min(D1, D2). The reference edge of ‘CLK’ is chosen
from rise and fall transition by ‘sel’ signal. In this work, we
adopted VDC which consists of buffers and selectors. D1 and
D2 vary from 0- to 255-stage buffer delay. Power supply of
the generator is separated from DUT to provide precise timing.

We fabricated a test chip in a 90nm CMOS process whose
nominal supply voltage is 1.0V. Figure 5 is the micrograph
of the test chip. The test chip also includes PLL and a shift
register. The shift register is written and read by external sig-
nals. The shift register stores control signals of measurement
circuits and PLL. A part of the shift register also operates as
a counter, and counts the toggle of the gated oscillator.

The layout size of the gated oscillator is 11.76umx
15.12pum, and comparable to the other analog measurement
circuits [4], [6]. In this work, 4X inverters and transmission
gates are used to suppress random process variation. Other-
wise, the layout size can be shrunk to roughly one-fourth.

IIT. ON-SILICON EVALUATION

We evaluate measurement precision and reproducibility of
the gated oscillator on silicon. Fabricated chips were mounted
on QFP package and are controlled with external signals.

Fig. 6 shows the voltage resolution and sampling perfor-
mance of the gated oscillator. The number of given ‘enable’
pulse whose width is 5-stage buffer delay is 4 million, and in
other cases 2 million. The voltage resolutions of 10- and 15-
stage pulse width are better and their resolutions are roughly
10mV. The buffer delay is measured using ring oscillator
embedded in ‘enable’ timing generation circuit, and the 10-
stage buffer delay is about 300ps-450ps. In summary, the
implemented circuit performs 3G sample per second with
10mV voltage resolution.

Fig. 7 is the measurement result of dynamic noise waveform
with the gated oscillator. The noise sources of Line A and B
are 512 12-stage NAND gates, and the enough decoupling
capacitance is attached to the noise source of Line B. The
mitigation of power supply drop due to the decap is clearly
observed. Fig. 8 compares the two decap condition, whose
difference is the resistance between noise source and decap.
The measurement results confirms that nearby decap (Line C)
is more effective than far capacitance (Line D). In this way,
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Fig. 7. Measurement results of noise waveform w/ and w/o decap.
1200, —
1150 Small R circuit
1100 cap.
21050 -\
~—1000
Q 950
& 900 Large R circuit
© 850 cap.
= 800F 4 D (far
750¢ - decap.)
700 B
45 50 55 60 65 70 75 80
Time (ns)

Fig. 8. Measurement results with near and far decap.

the gated oscillator can be applied for evaluating the quality of
power distribution network. A noise waveform was measured
for 1000 times to evaluate the reproductivity. The maximum
standard deviation at 10 timing points is 0.98%, and the gated
oscillator has fine reproductivity.

IV. CONCLUSION

The gated oscillator which consists of standard cells and
captures dynamic supply noise waveform is proposed. The
gated oscillator does not require dedicated power and bias
lines. The voltage resolution of 10mV and measurement
reproductivity o = 0.98% were confirmed, and the proposed
circuit observed dynamic noise waveform successfully on the
test chip fabricated in a 90nm CMOS process.

ACKNOWLEDGMENT

The VLSI chip in this study has been fabricated through the chip fabrication
program of VLSI Design and Education Center(VDEC), the University
of Tokyo, with the collaboration by STARC, Fujitsu Limited, Matsushita
Electric Industrial Company Limited., NEC Electronics Corporation, Renesas
Technology Corporation, and Toshiba Corporation. This study was partly
supported from NEDO of Japan.

REFERENCES

[1] M. Takamiya, et al., “An on-chip 100GHz-sampling rate 8-channel
sampling oscilloscope with embedded sampling clock generator,” in
Proc. ISSCC, pp. 182-183, Feb. 2002.

[2] A. Muhtaroglu, et al., “On-die droop detector for analog sensing of
power supply noise,” JSSC, vol 39, no. 4, pp. 651-660, Apr. 2004.

[3] K. Shimazaki, et al., “Dynamic power-supply and well noise measure-
ment and analysis for high frequency body-biased circuits,” in Proc.
VLSI Circuits, pp. 94-97, June 2004.

[4] M. Nagata, et al., “A built-in technique for probing power supply and
ground noise distribution within large-scale digital integrated circuits,”
JSSC, pp. 813-819, Apr. 2005.

[5] T. Nakura, et al., “On-Chip di/dt Detector Circuit” IEICE Trans. on
Electronics, vol. E88-C, no.5, pp.782-787, May 2005.

[6] K. Inagaki, et al., “A 1-ps resolution on-chip sampling oscilloscope with
64:1 tunable sampling range based on ramp waveform division scheme,”
in Proc. VLSI Circuits, pp. 61-62, June 2006.

[7]1 T. Sato, et al., “A Time-Slicing Ring Oscillator for Capturing Instan-
taneous Delay Degradation and Power Supply Voltage Drop,” in Proc.
CICC, pp. 563-566, Sep. 2006.

108




<<
  /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


