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Abstract - In this work, we investigate the electrical and 
electromagnetic behaviors of the power-bus with a variety of shapes 
of aperture, on the signal integrity, using a rigorous methods(Modal 
or MoM) along with Modal analysis method.  

1. 서    론

 The power- and ground planes in PCBs are called the power-bus 
structure(PBS) and are known for causing cavity-mode resonance 
and possibly noise in the related system. T. Okoshi uses a modal 
sum expressions to characterize the structure[1]. Expanding the 
circuit concept, M. Hampe et al examines the effect of loads like 
DeCaps on the power-bus resonance[2]. Lately, C. Wang et al 
separately presented the performance of differential signaling in the 
power-bus and the advantage in reducing the number of resonance 
frequencies and impedance level[3]. Nevertheless, However, a question 
can be raised if the treatment such as DeCap placement, or 
differen-tial signaling will work properly well in the power-bus with 
a geometrical change like having slits shown in Z. Wang’s work or 
apertures.

2. 본    론

  
 This study investigates the electrical and electro-magnetic behaviors 
of the power-bus with a variety of shapes of aperture, on the signal 
integrity, using a rigorous methods(Modal or MoM).  
 The slit power-bus structure can be modeled as a cavity having the 
PEC power- and ground planes and the PMC walls. 

<Fig. 1> Top-view of a slit power-bus structure

Fig. 1 is the top-view of the power-bus structure where IPI1 is fed 
along the coaxial’s inner wire, passing the structure through the hole 
at (XPI1, YPI1). The output port is placed at (XPO, YPO). 
Excluding the slit, the size of the power-bus is Wx×Wy×Wz. The 
sandwiched substrate is featured by Wz, 4.2 and 0.02 given as its 
thickness, relative di-electric constant and loss tangent[1-4]. With 
these parameters, rigorous evaluation methods are adopted, [1-4]. The 
modal analysis method goes with

      (1)

where 

cmnii=cos(kxmXi)×cos(kynYi)×sinc(kxmPxi/2)×sinc(kynPyi/2)
kxm=mp/Wx,kyn=np/Wy,w=2p f

12
0 ]/2[tan −+= zWQ κωμδ                       

  is 1 and 4 for (m =0, n =0) and (m≠0, n≠0) each. When (m

≠0, n=0) or (m=0, n≠0),   takes 2. tanδ, ε, μ, f, Pi and j denote 
loss-tangent, permittivity, permeability, frequency, port’s width and 

 , respectively. Also, the method of Moment(MoM) is used to 
solve the MPIE which describes the power/ground plane structure. 

)(1)()()(
0

rFrrAjkrE
r

e
exc

×∇−∇+=
εε

φη
(2)

)(1)()()(
0

,
rArrFkjrH m

s
×∇+∇−−=

+

μ
φ

η (3)

where

')'()',()( '' rdrJrrgrA snm ⋅= ∫ (4)

')'()',()( '' rdrMrrgrF snm ⋅= ∫ (5)

Eqns(2) and (3) denote scattered electric and magnetic fields. Plus, 
Eqns(2) and (3) are the magnetic and electric vector potentials. Ther 
wave numbers and intrinsic impedance of the medium are 
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The modal analysis method based on the cavity will be used to see 
the impedance profile of the geometry directly. As for the MoM’s 
simulations, we will check the physics of the apertures’ effects by 
following the current distribution.

 Firstly, it will be demonstrated that the optimally chosen 
values of (Wx_Left, Ls, X0, Y0 ) or (Wx_Left, Ls, X0, Y0 
and Wy_Left) are found to suppress to suppress resonance 
(1,0)-mode at 350MHz that occurs to the rectangular PBS 
with (Wx= 200mm, Wy= 150mm, Wz = 1.5mm).
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<Fig. 2> PBS’s resonance reduced from the original 
geometry toward the modified structure with the optimal 
position and size.

The optimal values turn out 188.77mm, 74.08mm, 179.33mm 
and 18.88mm as Wx_Left, Ls, X0 and Y0, respectively. Using 
the optimized slit enables the PBS to damp the 
350MHz-resonance that is inherent in the regular PBS. The 
reduction amounts to 35dB.
 Next using the MoM, we are about to watch how the 
surface current density is distributed with respect to the 
different apertures in the top plate of the power/ground 
planes. There will be one narrow slit and a loop formed  
along the lower edge and around the center, respectively.

(a) A narrow slit at the center of the lower x-axis

(b) An aperture loop around the center of the top plate
<Fig. 3> TTwo different cases of the apertures in the 

geometry

 2 different slots are characterized by the MoM, to see the 
current density distribution. The feeder is located at the 
(0,0)-point and simulation is done with 380MHz.
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 (c) Jx of case 1              (d) Jy of case 1
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 (c) Jx of case 2              (d) Jy of case 2
<Fig. 4> Surface currents(Jx and Jy) with Fig. 3

Even in the non-resonance point, the field propagatesfrom the 
feed and induces currents maximize at the edges. Two cases 
have Jx top and bottom X-axes. The slot loop has lower Jy 
than case 1.

3. 결    론

 The apertures and the influence are rigorously analyzed, 
revealing the EMI source and how to treat them

[참 고 문 헌]

[1] T. Okoshi, "Planar Circuits for Microwaves and 
Lightwaves", Berlin, Germany: Springer-Verlag, 1985.

[2] M. Hampe and S. Dickmann, "The impact of decoup-ling 
capacitors on the impedance of rectangular PCB 
power-bus structures", in Proc. 16th EMC Zurich, 
Switzerland, pp.251-256, 2005

[3] C. Wang, et al, "Coupling between differential sig-nals 
and the DC power-bus in multiplayer PCBs", IEEE 
Trans. EMC, Vol. 28, no. 2, pp. 337-345, 2005



<<
  /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


