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HICUM/L2 v2.30 overview Introduction/Overview
Introduction/Overview
• Release of HICUM/L2 v2.30 for DotFive only.

• Future official release date open, in the following slides marked as CMC release.

• New features:
• Improved formulation of transfer current
• Charge storage effects at heterojunction barrier
• Improved temperature dependences
• Minor change in ICK formulation

• Some differences between both releases.
• Will be shown in this presentation to avoid confusion.

• Full compatibility to recent versions, i.e. all effects can be turned off by default
parameters. Except for:
• Temperature dependence of hfE and hfC, where compatibility is achieved by flcomp.
• CrBi (as already changed in v2.24).
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HICUM/L2 v2.30 overview Improved formulation of transfer current
Improved formulation of transfer current
Bias dependent hjEi

• Already presented at HICUM WS 09.

• Implementation
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HICUM/L2 v2.30 overview Improved formulation of transfer current (cont.)
Improved formulation of transfer current (cont.)
Bias dependent hjEi

• Last term avoids numerical problems when using very small rhjEi caused by using of
two smoothing functions.
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• Temperature dependence
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HICUM/L2 v2.30 overview Improved formulation of transfer current (cont.)
Improved formulation of transfer current (cont.)
Bias dependent hjEi

• Transition to high bias region (i.e. VDEi) can be adjusted by rhjEi (and VhjEi).
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HICUM/L2 v2.30 overview Improved formulation of transfer current (cont.)
Improved formulation of transfer current (cont.)
Low current minority charge

• Low current minority charge Qf is mainly located in base region and BE-SRC.

• For graded Germanium content, the QfBE "sees" a different ni than the minorities in
the base.

• This effect leads to a very low Qp0, when
extracted from transfer current.

 ⇒ Introduction of weight factor for Qf0.

• Temperature dependence due to bandgap
difference.
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• Effect on transfer current shown in HICUM WS 09.
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HICUM/L2 v2.30 overview Improved formulation of transfer current (cont.)
Improved formulation of transfer current (cont.)
Experimental results

• B3T technology, VBC=0 V, Temp=[25 50 75 100 125] °C
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HICUM/L2 v2.30 overview Improved temperature dependence
Improved temperature dependence
• New temperature dependence for high current weight factors.

• Based on bandgap difference between base and emitter or collector, respectively.

and

• Bandgap voltages already available.

⇒ No new parameter were introduced.

• In Dotfive release equations are always
turned on.

• in CMC-release, equations can be turned
on by flcomp=2.3 (or higher).
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HICUM/L2 v2.30 overview Charge storage at heterojunction barrier
Charge storage at heterojunction barrier
• High current minority charge extended by barrier related part.

• Barrier related term calculated by a bias dependent barrier voltage.

with already existing

• Kirk-effect related transit times are "delayed" by the formation of the barrier:
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HICUM/L2 v2.30 overview Charge storage at heterojunction barrier (cont.)
Charge storage at heterojunction barrier (cont.)
• Barrier voltage bias dependent by transfer current and internal collector voltage (via

ICK).

• Two formulations
I

(implemented in both releases)

with

• New parameters
• VCbar , aCbar , βCbar

• In DotFive release aCbar merged with ahC

• VCbar=0 turns barrier extension off

ΔVC VCbar
ibar ibar2 aCbar++

1 1 aCbar++
------------------------------------------------=

ibar 1
ICK
iTf
--------⎝ ⎠

⎛ ⎞
βCbar

–=

II 

(possibly implemented in CMC-release)

with
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• VCbar , aCbar , IcBar

• VCbar=0 turns barrier extension off

ΔVcB VcBar
2

ibar ibar2 acBar++
------------------------------------------------–

⎝ ⎠
⎜ ⎟
⎛ ⎞

exp=

ibar
iTf ICK–
IcBar

--------------------=
 © AP, MS 11



HICUM/L2 v2.30 overview Charge storage at heterojunction barrier (cont.)
Charge storage at heterojunction barrier (cont.)
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• Verification on 1D device simulations

• Using equation I
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• Using equation II

• II shows an increasing barrier effect
with increasing VCE, while I has a
constant "overshoot".

• The behavior of II reflects simulation
results much better than I.
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HICUM/L2 v2.30 overview Minor changes in ICK formulation
Minor changes in ICK formulation
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• New equation

• Introducing δCK as new parameter.

• Defaults to original equation for δCK=2
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HICUM/L2 v2.30 overview Minor improvement of capacitance equations
Minor improvement of capacitance equations
• Equations including punch-through (i.e. CBC and CCS).

• Possible numerical errors for z very small, caused by multiple smoothing functions.

• vj,m may become larger than VD.

• Solution by subtracting an estimate of the maximum error for very high voltages.
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HICUM/L2 v2.30 overview Summary of new parameters
Summary of new parameters

Parameter Default Name DotFive release Name CMC release Description

δCK 2.0 delta_ck delck
Fitting parameter for ICK-equa-

tion

VCbar 0 vcbar vcbar Heterojunction barrier voltage

aCbar 0.1
ahc

(merged with existing 
parameter)

ahc or acbar
(decision not yet 

done)

Fitting parameter for onset of 
barrier voltage

βCbar 1 beta_cbar betcbar Fitting parameter for onset of 
barrier voltage

hjEi0 1 hjei hjei Low bias weight factor for BE-
junction charge

ahjEi 0 ahjei ahjei
Parameter describing the slope 

of hjEi(VBE)

rhjEi 1 - rhjei High voltage fitting parameter 
for hjEi(VBE)VhjEi 0.07 rhjei -

hf0 1 hf0 hf0 Weight factor for low current 
minority charge.
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HICUM/L2 v2.30 overview Summary of new parameters (cont.)
Summary of new parameters (cont.)

Parameter Default Name DotFive release Name CMC release Description

ΔVgBE 0 dvjbe dvgbe Bandgap difference between 
Base and BE-junction.

ζahjEi 1 zetaah - Fitting parameter for tempera-
ture dependence of ahjEiζhjEi 1 - zetahjei

rahjEi 1 rahjei - Fitting parameter for tempera-
ture dependence of hjEi0ζgBE 1 - zetavgbe
 © AP, MS 16



HICUM/L2 v2.30 overview Acknowledgments
Acknowledgments

This work was supported by:

• EC IP DotFive project

• DFG

• BMBF
 © AP, MS 17


	HICUM/L2 v2.30 overview
	A. Pawlak1), M. Schröter1),2), A. Mukherjee1), T. Kessler
	1)Chair for Electron Devices and Integr. Circuits, Univ. of Technol. Dresden, Germany
	2)ECE Dept., University of California San Diego, La Jolla, CA, USA
	pawlak@iee.et.tu-dresden.de, mschroter@ieee.org
	http://www.iee.et.tu-dresden.de/iee/eb/eb_homee.html
	HICUM Workshop, Dresden, September 2010
	OUTLINE
	• Introduction/Overview
	• Improved formulation of transfer current
	• Improved temperature dependence
	• Charge storage at heterojunction barrier
	• Minor changes in ICK formulation
	• Minor improvement of capacitance equations
	• Summary of new parameters

	Introduction/Overview
	• Release of HICUM/L2 v2.30 for DotFive only.
	• Future official release date open, in the following slides marked as CMC release.
	• New features:
	• Improved formulation of transfer current
	• Charge storage effects at heterojunction barrier
	• Improved temperature dependences
	• Minor change in ICK formulation

	• Some differences between both releases.
	• Will be shown in this presentation to avoid confusion.

	• Full compatibility to recent versions, i.e. all effects can be turned off by default parameters. Except for:
	• Temperature dependence of hfE and hfC, where compatibility is achieved by flcomp.
	• CrBi (as already changed in v2.24).


	Improved formulation of transfer current
	Bias dependent hjEi
	• Already presented at HICUM WS 09.
	• Implementation
	with
	• The junction voltage is limited to VDEi and 0.

	and
	combined with
	and


	Improved formulation of transfer current (cont.)
	Bias dependent hjEi
	• Last term avoids numerical problems when using very small rhjEi caused by using of two smoothing functions.
	with
	• Temperature dependence


	DotFive release
	and

	Improved formulation of transfer current (cont.)
	Bias dependent hjEi
	• Transition to high bias region (i.e. VDEi) can be adjusted by rhjEi (and VhjEi).


	Improved formulation of transfer current (cont.)
	Low current minority charge
	• Low current minority charge Qf is mainly located in base region and BE-SRC.
	• For graded Germanium content, the QfBE "sees" a different ni than the minorities in the base.
	• This effect leads to a very low Qp0, when extracted from transfer current.

	Þ Introduction of weight factor for Qf0.
	• Temperature dependence due to bandgap difference.


	Improved formulation of transfer current (cont.)
	Experimental results
	• B3T technology, VBC=0 V, Temp=[25 50 75 100 125] °C


	Improved temperature dependence
	• New temperature dependence for high current weight factors.
	• Based on bandgap difference between base and emitter or collector, respectively.
	and
	• Bandgap voltages already available.

	Þ No new parameter were introduced.
	• In Dotfive release equations are always turned on.
	• in CMC-release, equations can be turned on by flcomp=2.3 (or higher).


	Charge storage at heterojunction barrier
	• High current minority charge extended by barrier related part.
	• Barrier related term calculated by a bias dependent barrier voltage.
	with already existing
	• Kirk-effect related transit times are "delayed" by the formation of the barrier:


	Charge storage at heterojunction barrier (cont.)
	• Barrier voltage bias dependent by transfer current and internal collector voltage (via ICK).
	• Two formulations
	I
	(implemented in both releases)
	with
	• New parameters
	• VCbar , aCbar , bCbar
	• In DotFive release aCbar merged with ahC
	• VCbar=0 turns barrier extension off



	Charge storage at heterojunction barrier (cont.)
	• Verification on 1D device simulations
	• Using equation I

	Minor changes in ICK formulation
	• New equation
	• Introducing dCK as new parameter.
	• Defaults to original equation for dCK=2

	Minor improvement of capacitance equations
	• Equations including punch-through (i.e. CBC and CCS).
	• Possible numerical errors for z very small, caused by multiple smoothing functions.
	• vj,m may become larger than VD.
	• Solution by subtracting an estimate of the maximum error for very high voltages.
	Numerically stable without visible influence on results.


	Summary of new parameters
	Parameter
	Default
	Name DotFive release
	Name CMC release
	Description
	dCK
	2.0
	delta_ck
	delck
	Fitting parameter for ICK-equation
	VCbar
	0
	vcbar
	vcbar
	Heterojunction barrier voltage
	aCbar
	0.1
	ahc
	(merged with existing parameter)
	ahc or acbar
	(decision not yet done)
	Fitting parameter for onset of barrier voltage
	bCbar
	1
	beta_cbar
	betcbar
	Fitting parameter for onset of barrier voltage
	hjEi0
	1
	hjei
	hjei
	Low bias weight factor for BE- junction charge
	ahjEi
	0
	ahjei
	ahjei
	Parameter describing the slope of hjEi(VBE)
	rhjEi
	1
	-
	rhjei
	High voltage fitting parameter for hjEi(VBE)
	VhjEi
	0.07
	rhjei
	-
	hf0
	1
	hf0
	hf0
	Weight factor for low current minority charge.

	Summary of new parameters (cont.)
	Parameter
	Default
	Name DotFive release
	Name CMC release
	Description
	DVgBE
	0
	dvjbe
	dvgbe
	Bandgap difference between Base and BE-junction.
	zahjEi
	1
	zetaah
	-
	Fitting parameter for temperature dependence of ahjEi
	zhjEi
	1
	-
	zetahjei
	rahjEi
	1
	rahjei
	-
	Fitting parameter for temperature dependence of hjEi0
	zgBE
	1
	-
	zetavgbe

	Acknowledgments
	This work was supported by:
	• EC IP DotFive project
	• DFG
	• BMBF




<<
  /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


