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SNUBBER DESIGN FOR NOISE REDUCTION IN SWITCHING CIRCUITS

Introduction

In high frequency switching converters the
designers face a common challenge of dealing
with switching noise. In particular when the
high side Mosfet turns on, the body diode of
the low side FET, which was in conduction
before, turns off. During the turn off process
the body diode draws a peak reverse
recovery current and then abruptly snaps off.
Since there is a small but finite parasitic
inductance in the circuit, the reverse recovery
current will circulate through the circuit until
it dies down. This will result in voltage
overshoot and ringing at the phase node
which is quite undesirable. If the overshoot is
severe enough, the low side FET may turn on
again or go into avalanche breakdown. On
the other hand the ringing may cause
negative spikes with respect to ground, and
these spikes may get coupled to the sensitive
electronic components in the load causing
malfunctions. One obvious solution is to use
a low side FET with an integrated Schottky

diode, such as the AOS SR-FET . The
Schottky has a much lower reverse recovery
current which reduces the circulating energy
in the circuit to start with.
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During the system design, the best way to
reduce the switching noise is to minimise the
parasitic inductances. The sources of parasitic
inductances are the long traces between input
capacitor and the switching devices.
Additionally the bonding wires within power
packages also contribute to the undesirable
inductance. Good layout practices should be
followed such as locating bypass capacitors
very close to leads of switching devices,
minimising the area of the primary current
loop. Packages with low source inductance

®
such as Ultra SO-8  should be used where
switching noise is a major concern.

However, the parasitic inductances cannot be
eliminated altogether in a practical circuit. It
may not easy to do an ideal layout in a large
and complex system such as a computer
motherboard. In these situations a practical
solution to the ringing issue is a snubber
across the phase node to ground. Here we
will consider the simple RC snubber and
describe how to design one for optimum
performance.
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Identifying the Circuit Parasitics

The schematic above is a simplified diagram of a synchronous buck converter. All the parasitic
inductances have been lumped together and shown as Lckt. As mentioned above they include
trace inductance as well package inductances. The parasitic capacitances that ring with L
come mainly from the output capacitor Coss of the low side FET which is in the off state. Our
goal is to calculate values of Rsnub and Csnub as well as the power rating of the snubber
resistor. The method will be illustrated with a practical example. The waveforms were taken in
an auxiliary synchronous buck converter on a motherboard feeding a DDR memory. The input
is 5V, output 1.8V /5A. The FETs are AOD484 in D-Pak. The picture below shows severe ringing
without any snubbers in the circuit. The peak overshoot is three times the input voltage
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Characteristic Impedance

From classical circuit theory it is known that the optimum value of the snubber resistor must
equal the characteristic impedance of the LC circuit. In this case the capacitor value is known
from the FET datasheet but the inductance is distributed all over the pc board and hard to
predict. A practical way to determine Lckt is to look at the ringing waveform in detail and
measure its frequency. The waveform on the right above shows a ringing frequency of 118 MHz
or 8.5 nS period. Since

Tring = 2 * 70 * SQRT (Lckt * Coss) or, having measured Tring
Lekt = Tring2 / (4: * 2 Coss)

AOD484 datasheet gives the Coss value as 142 pF at Vds = 15V. However, Coss is a function of
Vds and can be significantly higher at low supply voltages. At our supply of 5V, it is close to
220 pF, as seen from the characteristic curves. Using this value, Lckt is calculated as 8.3 nH and
the characteristic impedance of the freely oscillating circuit is SQRT (Lckt /Coss) = 6 Ohm. This is
the effective value of the desired resistance to attenuate the oscillations. Given that some
resistance is already present in the circuit, we can choose 5 Ohm as the snubber resistor.

495 Mercury Drive, Sunnyvale, CA 94085, USA | TEL: (408) 830 9742 | FAX: (408) 830 9749
www.aosmd.com



ANI100-3

Capacitor Calculations

The snubber capacitor value is a trade off. Larger capacitor will provide overdamping and
reduce the number of oscillations. But the capacitor also stores an energy of %2 CV2 and
dissipates it every cycle which has a marginal effect on efficiency. A useful parameter is the
Rsnub X Csnub time constant which is expressed as a multiple of the ringing period Tring. The
standard practice is to use a multiple of 3 or higher.

Csnub = 3 x Tring / Rsnub

In our example minimum value of Csnub is 4.7 nF. In the motherboard a value of 10 nF was
chosen to provide extra damping. Since the input is only 5V, this does not cause excessive losses
in the snubber. The picture on the left below shows the effects of a lower value snubber, 2 nF + 1
Ohm. Compare it to the one on the right with the optimised snubber of 10 nF + 5 Ohm
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Finally the snubber resistor should be sized for dissipating the energy stored in the capacitor
Psnub = ¥2* Csnub * Vin? * Fsw

Remember that Fsw is the switching frequency of the converter, not that of ringing. In our case
the switching frequency is 300 kHz which gives the power loss as 37 mW, less than 0.5% of
output power.

Conclusion

It is worth repeating that parasitic inductance in the circuit is distributed over the entire PCB
and includes the package inductances. While the snubber components are calculated assuming
their effective values, there is no way to physically put them in the circuit to provide ideal
damping. The best way to reduce overshoots and ringing is to actually minimise the
undesirable inductances in the circuit with good layout practices. Choosing the right low side
FETs with low inductance packages and/or integrated Schottky body diodes will offer
additional benefits.

495 Mercury Drive, Sunnyvale, CA 94085, USA | TEL: (408) 830 9742 | FAX: (408) 830 9749
www.aosmd.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


