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Abstract:

At high frequencies the parasitic effects of packages on the performance of integrated
circuits cannot be ignored, since e.g. the serial inductance, mutual capacitances and
inductances between lead frame, bond wires and pins have serious influence. It is best,
when these effects are taken into account as early as possible in the design phase.
Accurate equivalent circuit models are vital to describe these effects. The method
presented here 1s based on S-parameters computed by a 3D finite integration technique
to extract the parameters of the equivalent circuits for the whole package. SPICE
equivalent circuit and their corresponding S- parameters are compared to the
broadband S- parameters derived from the time domain simulation for a P-TSSOP24
IC - Package from Infineon Technologies AG.
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The Model: P-TSSOP24




The Model: P-TSSOP24, Close-Up Look at the Leadframe and Ports
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SPICE Model Extraction using an Equivalent Circuit

Li/2 Li/2

@)

Describe the 3D structure by an
equivalent discrete network.
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SPICE Model Extraction

Static extraction

* Requires static E and B
calculations.

* Computes SPICE network
from L, C matrices.

 Contains no dynamic effects

Extraction principles:

= Static extraction
" Dynamic extraction

Dynamic extraction

" Requires dynamic EM
calculations

= Computes SPICE network
from S-Parameters

= Allows cascaded networks
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SPICE Model Extraction

S-Parameter Magnitude in dB

24 “wires”,
total stmulation time 35 min.

Frequency f GHz

The SPICE model 1s extracted from the complex S-parameters
at the extraction frequency
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SPICE Model: Circuit-Description

SPICE Circuit description generated by

CST MicroWaveStudio

.ac LIN 999 15000000 15000000000

L1l 11101.27112e-009
L12 1012 1.27112e-009
Cl 100 2.38794e-013
L21 21209.47191e-010
L22 20229.47191e-010
C2 200 2.3486¢-013

C24 24002.4791e-013
Cl 2 1020 1.05825e-013
K11 2 LI1L210.221087
K21 2 L121220.221087
Cl 3 10309.09917e-015
K11 3 LI11L310.0647162
K21 3 L12L320.0647162

R11 11050
R12 12050
R21 21050
R22 22050
R31 313350

VvV 330DCOV AC1
R32 32050

width out=132

print ac vr(11) vi(11) vr(12) vi(12)
print ac vr(21) vi(21) vr(22) vi(22)
print ac vr(31) vi(31) vr(32) vi(32)
print ac ir(vv) ii(vv)

.end
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Comparison between S-Parameters of 3D EM and Spice at 1 GHz

S-Parameters in dB

tssop24spicelgh
tssop24spicelgh
4{ tssop24spicelgh
tssop24spicelgh

S11_equiv. LC

T T T T T
be+009 1e+010 1.5e+010 Ze+010 2.5e+010

Frequency in Hz
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Comparison between S-Parameters of 3D EM and Spice at 10 GHz

S-Parameters in dB

tssop24spicebghd
tssop24spicebhgh3
tssop24spicebghs
tssop24spicebghd

i i i i
5e+009 Te+010 1.5e+010 Ze+010 2.5e+010 Je+010

Frequency in Hz

CST - Computer Simulation Technology e www.cst.de e 2007 Dec



Error of SPICE Model Approximation

SPICE S5-Parameter Approximation Error
5

| Error : 0.1191

Error
Increases
with
frequency

i

T T
o . 15

Frequency

Conductor length = A/10
error (frequencies) = max { |Vs_parameter -\/Spice | }

wires ij
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Meshdetails shown at a Vertical Cutplane
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S-Parameter Extraction: Runtime Statistics for the P-TSSOP24

Solver Statistics:

Number of nodes: 23736

Number of time steps: 781

Time step width: 2.510138e-004 ns
Time step factor: 1.1264

Mesh generation time: 120 S
Solver time: 82 s / Port

Time for all Ports: 82 s * 24 ports = 33 min
Total Time: 35 min !

Averaged performance: 7.7 MFLOP/s
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Arrowplot of the Surface-Current-Density at 5 GHz
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Combined Arrow- / Contourplot of the Surface-Current-Density at 5 GHz
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Surface-Current-Density and E-Contourlines at 5 GHz

CST - Computer Simulation Technology e www.cst.de ® 2007 Dec m



Contour/Arrowplot of the Surface-Current-Density at 5 GHz

Type = Current

Monitor =h [1] -

Max imum = 158.796 A/m

Frequency = G5

Amplitude Plot j,- - 158 A/m
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SPICE Model Extraction vs. Digital EM-Simulation

The error increases with frequency

=P (Cascading the equivalent network improves
approximation of higher frequencies

Equivalent networks become increasingly complex
with frequency

mmm=p Practical limitation of this method for higher
frequencies (high speed digital circuits)

)
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Digital Signal Simulation

“Digital” Excitation Signal (simple)

“Low clock speed”:

trise, tfall << thold

“High clock speed”:
otherwise

“Low clock speed”  “High clock speed”
s(t) s(t)
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Digital Signal Simulation

Simulation of digital systems

1. True “digital” EM simulation

2. Calculation of “digital” response from S-parameters

3. Calculation of “digital” response from SPICE model

CST - Computer Simulation Technology e www.cst.de e 2007 Dec . 1



Digital Signal Simulation

Transmission, Reflection and Cross talk

True “Digital” simulation

Time-Signals

[ ' ol ' '
foa . ) \ \
[ 1 \ \ \
———————————— - -1 -H A A S - - U -9 -
| ' ' \
! ' ' \

I ................ tir.ll'allnsmittied

r
'
A"

;é.ﬂfélék-near-eind-Por-t

1.5e-010 2e-010 2.5e-010

24 “wires”, Small cross talk because of

. . . . . . rounded layer.
total simulation time = 6 min / excitation 2 /
)
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Digital Signal Simulation: Easy Setup of Excitation Shapes

Solver Parameters

— Shmulation and solver settings Apply

Source ype: 1 Blane wiaye Stark solver

Part [dmde Accuracy Maodes only
- . - - [dE

I-| J i J I 30 J Optimization...

2} Hierm ko fired impedance Par. sweep...

IEEI hme ™| &lwans perfanm all s

— Stimulation type

Specials. ..

" Gaussian Tatal |500

&' Rectangular Trize |20
© Userdefined | Thald [100 Help

Tfall |20

Cloze

— Frequency settings

Frnax Mumber of F-steps
a0 |1 000

i i i i i i i i i
5e-011  1e-010 1.5e-010 2e-010 2.5e-010 3e-010 3.5e-010 4e010 4.5e-010 5e-010

Time in psec
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Transient Runtime Statistics for the P-TSSOP24

Solver Statistics:

Number of nodes: 23736

Number of time steps: 1991

Time step width: 2.510138e-001 ps
Time step factor: 1.1264

Mesh generation time: 1 S

Solver time: 350 S

Total time: 351 s / Port
Averaged performance: 4.6 MFLOP/s
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Conclusions

* Fast and accurate dynamic S-Parameter computation
* Spice Parameter extraction
* Built-in Comparison between EM/Spice S-Parameters

* True EM-Digital Simulation possible
*

*
*
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Future Enhancements

* Extension of the Equivalent Circuit Model to take
dielectric losses and ohmic losses into account

* More complex built-in Circuit Models
* TDR ...

*
*
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ACIS - Previewer allows dynamic operations
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If Previewer is installed double-click on the image CST - Computer Simulation Technology e www.cst.de e 2007 Dec ﬂ'
-



	 SPICE Model Extraction using an Equivalent Circuit
	 SPICE Model Extraction
	 SPICE Model Extraction
	 
	 SPICE Model Extraction vs. Digital EM-Simulation
	 Digital Signal Simulation
	 Digital Signal Simulation
	 Digital Signal Simulation


<<
  /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 <>
    /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.)
    /DEU <>
  >>
  /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 [1190.551 1672.441]
>> setpagedevice


