
M
anfred M

aurer / D
r. C

hristian S
porrer   Folie 1IBIS Summit Meeting Munich 2008 

Overview

Motivation

Characteristics
of IQC

Example of
IQC

Summary

Industrial Solutions and Services
Your Success is Our Goal

IQC – IBIS QUALITY CHECKER
Manfred Maurer                  manfred.maurer@siemens.com
Dr. Christian Sporrer           christian.sporrer@infineon.com

www.siemens.de/edh



M
anfred M

aurer / D
r. C

hristian S
porrer   Folie 2IBIS Summit Meeting Munich 2008 

Overview

Motivation

Characteristics
of IQC

Example of
IQC

Summary

Overview

Overview ��MotivationMotivation

¾¾ SIG SIG ÎÎ „„SSiemensiemens““ IIBIS BIS GGrouproup

¾¾ ImproveImprove thethe qualityquality of of thethe IBIS IBIS filesfiles

��CharacteristicsCharacteristics of of thethe QualityQuality CheckerChecker

¾¾ beginbegin withwith thethe mostmost importantimportant teststests

¾¾ modular modular structurestructure

¾¾ improvementsimprovements –– stepstep--byby--stepstep

��ExampleExample of an IQC of an IQC 

��Summary                                         Summary                                         
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SIG – SIEMENS IBIS GROUP

Motivation

�� SIG SIG ÎÎ „„SiemensSiemens““ IBIS GroupIBIS Group

ÎÎ TheThe goalgoal wewe hadhad 
¾¾ On On thethe SIEMENS WEBSIEMENS WEB--PAGEPAGE forfor ALLALL to to useuse

http://ibis.siemens.com/http://ibis.siemens.com/homehome

ÆÆ „…„…define the desired define the desired qualityquality level but also explain in   level but also explain in   
detail detail what we needwhat we need, and , and whywhy we need it.we need it.””

ÆÆ ““ ...we ...we expectexpect from our IC vendors  from our IC vendors  
high IBIS model availability and high IBIS model availability and qualityquality …”…”

ÆÆ “…“…hintshints and and examplesexamples for IBIS modelingfor IBIS modeling…”…”

¾¾ All All thethe resultsresults of of thethe SI / EMC SI / EMC –– toolstools areare
ÆÆ as good as as good as thethe modelsmodels areare!!

¾¾ SIGSIG--MembersMembers:   :   ÎÎSIEMENS  SIEMENS  ÎÎ ContinentalContinental
ÎÎ Nokia Siemens NetworksNokia Siemens Networks

ÎÎ FujitsuFujitsu--SiemensSiemens
ÎÎ INFINEONINFINEON
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IBIS Quality Task Group 

Motivation

IBIS IBIS QualityQuality TaskTask Group  Group  –– Chairman: Mike Chairman: Mike LaBonteLaBonte
¾¾ EXCELEXCEL--sheetsheet withwith qualityquality issuesissues listedlisted ((eacheach modelmodel ca. 80 ca. 80 lineslines))

¾¾ VeryVery extensive and time extensive and time consumingconsuming checkschecks

¾¾ EXCELEXCEL--sheetsheet shouldshould bebe partpart of of thethe modelmodel

¾¾ Low Low acceptance, if made by handacceptance, if made by hand

¾¾ FeasibleFeasible, , onlyonly ifif at least in at least in majormajor partsparts automatedautomated

¾¾ 2020--FEBFEB--2008: The IBIS Quality Specification 1.1 is 2008: The IBIS Quality Specification 1.1 is 
currently under reviewcurrently under review

¾¾ ExcerptExcerpt fromfrom thethe EXCELEXCEL--sheetsheet ::
|IQ
|IQ
|IQ
|IQ 4.1.1 LEVEL 0 [Model] parameters have correct typ/min/max order
|IQ 4.1.2 LEVEL 0 [Model] Model_type
|IQ 4.1.3 LEVEL 0 [Model] C_comp is reasonable
|IQ 4.1.4 LEVEL 1 [Model] C_comp is correct
|IQ 4.1.5 LEVEL 2a [Model] C_comp SPICE correlation
|IQ 4.1.6 LEVEL 2b [Model] C_comp laboratory correlation
|IQ 4.1.7 LEVEL 1 [Temperature Range] is reasonable
|IQ 4.1.8 LEVEL 1 [Voltage Range] or [* Reference] is complete

In column B below mark each item PASS, FAIL, or N/A. The IQ level is the highest level number for which all checks PASS. The 
IQ level is FAIL if no level completely passes. See IQ_specification.txt for complete descriptions of the checks.



M
anfred M

aurer / D
r. C

hristian S
porrer   Folie 5IBIS Summit Meeting Munich 2008 

Overview

Motivation

Characteristics
of IQC

Example of
IQC

Summary

Quality inside a IBIS model

Motivation

�� Advantages Advantages forfor all:all:
¾¾ increasedincreased confidenceconfidence of of thethe modelmodel

¾¾ betterbetter comparabilitycomparability betweenbetween different different modelsmodels

ConclusionConclusion:: ÎÎ uncertainuncertain costcost--valuevalue ratioratio

�� DisadvantagesDisadvantages forfor thethe ::

¾¾ VENDORVENDOR ÎÎ veryvery time time consumingconsuming

¾¾ USER      USER      ÎÎ restrictedrestricted consistencyconsistency checkschecks onlyonly

ÎÎ NONO possibilitypossibility to to proveprove thethe qualityquality infoinfo

ÎÎ vendorvendor „„specificspecific““ doingdoing ÎÎ time time consumingconsuming
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Remedy: Automation  

Motivation

�� Old Old ideaidea

¾¾ everyevery companycompany has has itit‘‘ss ownown scriptsscripts, , 
ÎÎ forfor testingtesting of different of different kindkind of of qualityquality issuesissues

�� BetterBetter ideaidea::

¾¾ to to havehave thethe samesame qualityquality--checkcheck forfor allall availableavailable

¾¾ to to improveimprove thethe qualityquality onlyonly onceonce, at , at thethe originorigin ((vendorvendor))

¾¾ to to useuse all all thethe possiblepossible synergysynergy effectseffects

¾¾ ifif thethe checkerchecker isis forfor freefree, , 
ÎÎ moremore acceptanceacceptance and and disseminationdissemination will will bebe gainedgained
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Thoughts about an „Automatic“ Quality Check 

Characteristics
of  IQC

BasedBased onon

�� EXCELEXCEL--sheetsheet summarysummary of of thethe QualityQuality Group InitiativeGroup Initiative

�� NeedsNeeds & & requestsrequests fromfrom thethe SIGSIG--membersmembers

One possible ProceedingOne possible Proceeding

�� ConceptConcept of of thethe QualityQuality CheckerChecker
¾¾ PrioritiesPriorities shouldshould bebe setset byby ParetoPareto--principleprinciple (80/20)(80/20)

¾¾ A lot of A lot of constructiveconstructive discussionsdiscussions neededneeded

�� Modular Modular structurestructure
¾¾ newnew checkschecks shouldshould bebe includedincluded as as „„pluginsplugins““

¾¾ implementationimplementation cancan bebe distributeddistributed on different on different places/companiesplaces/companies

�� Transfer of Transfer of thethe QualityQuality CheckerChecker to to thethe QualityQuality GroupGroup
¾¾ maximummaximum usageusage forfor all all modelmodel VENDORS & USERSVENDORS & USERS

¾¾concentratingconcentrating all all activitiesactivities at a at a centralcentral point of point of accessaccess
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Structure of the IBIS Quality Checker

Characteristics
of  IQC
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What should the IQC  do?

Characteristics
of IQC

��ConsistencyConsistency checkschecks forfor parameterparameter and and curvescurves

¾¾ insideinside thethe IBIS IBIS modelmodel

¾¾ againstagainst Data Data SheetSheet

¾¾ EBD / PKG / EBD / PKG / PinningPinning

��CurvesCurves evaluationevaluation and and checkschecks

¾¾ CompareCompare and find and find identicalidentical tablestables

¾¾ ExtractExtract and and comparecompare thethe driverdriver strengthstrength

��StatisticsStatistics

¾¾ NumberNumber of of modelsmodels /  #/  #pinspins w/o w/o modelsmodels

¾¾ Parameter of Parameter of interestinterest
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Example of an  IQC

Example of
IQC

�� First First stepstep of an IQC was of an IQC was implementedimplemented byby Dr. Christian Sporrer Dr. Christian Sporrer 

�� PresentationPresentation

¾¾ Input Input filesfiles

¾¾ ConceptConcept

¾¾ ImplementationImplementation of of initialinitial checkschecks

¾¾ Output Output processingprocessing
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IQC Implementation Overview

Example of
IQC

Library
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IQC Input Files    (Syntax) 

�� GroupedGrouped intointo sectionssections: (@ : (@ sectionsection delimiterdelimiter))
@A @A PackagePackage
@B Pin@B Pin
@C Model (@C Model (generalgeneral))
@D Model @D Model specificspecific informationinformation

@D1 Model @D1 Model classclass 11
@D2 Model @D2 Model classclass 22

@E @E DatasheetDatasheet

�� Parameter Parameter entryentry::
<<keywordkeyword> :no of > :no of parametersparameters: <: <parameterparameter 1> <1> <parameterparameter 2> 2> ……..  # ..  # commentcomment

<<keywordkeyword>> isis everyevery IBIS IBIS keywordkeyword ((e.ge.g. RAMP). RAMP)
Non IBIS Non IBIS keywordskeywords areare indicatedindicated withwith thethe prefixprefix NI_ (NI_ (e.ge.g. . NI_technologyNI_technology))
<<parameterparameter>> isis a a numbernumber oror stringstring ((e.ge.g. . cmoscmos forfor NI_technologyNI_technology))

�� ExampleExample::
@A Package@A Package
#=========#=========
## minmin maxmax tolerancetolerance
R_pkgR_pkg : 3 :: 3 : 0.50.5 11 0.10.1 # resistor range# resistor range
L_pkgL_pkg : 3 :: 3 : 2e2e--99 5e5e--99 0.10.1 # inductance range# inductance range
C_pkgC_pkg : 3 :: 3 : 2e2e--1212 5e5e--1212 0.10.1 # capacitance range# capacitance range

Example of
IQC

�� Same Same syntaxsyntax forfor parameterparameter and and configurationconfiguration filesfiles
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IQC Input Files     (Configuration File)

Example of
IQC

ExampleExample:: @C Model
#=======
C_comp : 2 : 10.0e-15 30.0e-12 # min_value max_value
Voltage Range : 2 : 1.0       6.0 # min_value max_value
Temperature Range : 2 : 0 150 # min_value max_value
D_overshoot_high : 1 : 9.0 # max_value
D_overshoot_low : 1 : -3.0 # min_value
D_overshoot_time : 1 : 100e-9 # min_value
NI_short_current : 2 : 1.0e-6 1.0 # min_value max_value
#
# Ramp
dV/dt_r : 2 : 3.0/0.2e-9 8.0/0.2e-9  # min_value max_value
dV/dt_f : 2 : 3.0/0.2e-9 8.0/0.2e-9  # min_value max_value

Configuration File:Configuration File:

�� ContainsContains a a setset of of ‚‚moremore generalgeneral‘‘ parametersparameters usefuluseful forfor thethe
check of check of certaincertain classesclasses of IBIS of IBIS modelsmodels

�� DefinesDefines defaultdefault valuesvalues to to enableenable a a firstfirst basicbasic modelmodel checkcheck
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IQC Input Files     (Parameter File)
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Parameter File:Parameter File:

�� ContainsContains all all parametersparameters neededneeded to check a to check a specificspecific IBIS IBIS modelmodel

�� RefinesRefines mostmost of of thethe valuesvalues of of thethe configurationconfiguration filefile
((thethe parameterparameter filefile overrulesoverrules thethe configurationconfiguration filefile) ) 

�� CanCan containcontain specificspecific parametersparameters notnot defineddefined in in thethe configurationconfiguration filefile

ExampleExample:: @C Model
#=======
C_comp : 2 : 0.1e-12 5.0e-12 # min_value max_value
Voltage Range : 2 : 1.4       1.6 # min_value max_value
Temperature Range : 2 : 0 90 # min_value max_value
D_overshoot_high : 1 : 4.6 # max_value
D_overshoot_low : 1 : -1.0 # min_value
D_overshoot_time : 1 : 3.0e-9 # min_value
NI_technology : 1 : cmos # (cmos oder bip)
NI_short_current : 2 : 1.0e-3 25.0e-3 # min_value max_value
#
# Ramp
dV/dt_r : 2 : 0.3/0.2e-9 0.8/0.2e-9  # min_value max_value
dV/dt_f : 2 : 0.3/0.2e-9 0.8/0.2e-9  # min_value max_value
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IQC Input Files     (IBIS Model File)

Example of
IQC

[Model] MODEL_GPIO
|
Model_type 3-state
Polarity Inverting 
|
| typ min max 
C_comp 2.00e-12 NA NA
|
Vmeas = 0.750000 
Cref = 2.000000e-11 
|
| typ min max 
[Temperature range] 8.00e+01 1.25e+02 0.00e+00  
|
| typ min max 
[Voltage range] 1.50e+00 1.40e+00 1.60e+00  

ExampleExample::

IBIS Model File:IBIS Model File:

�� TheThe IBIS IBIS modelmodel filefile containscontains thethe IBIS IBIS modelmodel to to bebe checkedchecked
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IQC Library      (File IO)
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File IO File IO MethodsMethods::

�� processConfigurationFileprocessConfigurationFile::
¾¾ readConfigurationFilereadConfigurationFile()()
¾¾ getConfigurationVoltageTolerancegetConfigurationVoltageTolerance()()
¾¾ getConfigurtaionTypVoltageRangegetConfigurtaionTypVoltageRange()()
¾¾ getConfigurationTemperatureRangegetConfigurationTemperatureRange()()
¾¾ getConfigurationStepGradientgetConfigurationStepGradient()()
¾¾ getConfigurationNumberOfPinsgetConfigurationNumberOfPins()()

�� processParameterFileprocessParameterFile::
¾¾ readParameterFilereadParameterFile()()
¾¾ getParameterPackageLimitsgetParameterPackageLimits()()
¾¾ getParameterDatasheetModelsgetParameterDatasheetModels()()
¾¾ getParameterDatasheetPinsgetParameterDatasheetPins()()
¾¾ getParameterTypVoltagegetParameterTypVoltage()()

�� processIBISFileprocessIBISFile::
¾¾ readIBISFilereadIBISFile()()
¾¾ getIBISPackagegetIBISPackage()()
¾¾ getIBISPinListPackageAvgMinMaxgetIBISPinListPackageAvgMinMax()()
¾¾ getIBISPinListgetIBISPinList()()
¾¾ getIBISPinMappinggetIBISPinMapping()()
¾¾ getIBISModelListgetIBISModelList()()
¾¾ getIBISModelgetIBISModel()()
¾¾ getIBISModelTypegetIBISModelType()()
¾¾ getIBISModelVoltageRangegetIBISModelVoltageRange()()
¾¾ getIBISModelTemperatureRangegetIBISModelTemperatureRange()()
¾¾ getIBISModelRampgetIBISModelRamp()()
¾¾ getIBISModelTestLoadgetIBISModelTestLoad()()
¾¾ getIBISModelIVTablegetIBISModelIVTable()()
¾¾ getIBISModelCurrentSumgetIBISModelCurrentSum()()�� processResultsprocessResults::

¾¾ printprint()()
¾¾ printfprintf()()
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IQC Library      (Computing)

�� executeIBISChecksexecuteIBISChecks::
¾¾ compareValuescompareValues()()
¾¾ valueSequencevalueSequence()()
¾¾ valueSequenceArrayvalueSequenceArray()()
¾¾ checkPinForModelcheckPinForModel()()
¾¾ checkIVTableOrdercheckIVTableOrder()()
¾¾ checkRampOrdercheckRampOrder()()
¾¾ checkStairSteppingcheckStairStepping()()
¾¾ checkTestLoadCurrentcheckTestLoadCurrent()()

�� executeDatasheetChecksexecuteDatasheetChecks::
¾¾ checkDatasheetModelscheckDatasheetModels()()
¾¾ checkDatasheetPinscheckDatasheetPins()()

�� statisticsstatistics::
¾¾ countPinscountPins()()
¾¾ countModelscountModels()()
¾¾ globalPackageglobalPackage()()
¾¾ filePackagefilePackage()()

�� utilitiesutilities::
¾¾ file2string()file2string()
¾¾ file2array()file2array()
¾¾ interpolateinterpolate()()
¾¾ mergeXAxismergeXAxis()()

Example of
IQC

ComputingComputing MethodsMethods::
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IQC   Simple Checks for Demonstrator

�� SectionSection A  (A  (PackagePackage):):
¾ Range check for global package values

¾ Compliance check for pinlist RLC values and global package

� Section B  (Pinning):
¾ Number of pins

¾ Pins connected to model

� Section  D  (Model):
¾ Voltage range

¾ Temperature range

¾ Ordering of ramp values

¾ Ordering of IV tables

� Section E  (Datasheet):
¾ Comparison of model names

¾ Comparison of pins

Checks Checks implementedimplemented forfor thethe IQC IQC DemonstratorDemonstrator::

Example of
IQC
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IQC   Plug In

�� TheThe processingprocessing of of thethe resultsresults isis donedone usingusing methodsmethods
fromfrom thethe outputoutput processorprocessor ((notnot yetyet implementedimplemented).).

�� MoreMore generalgeneral functionsfunctions whichwhich cancan bebe usedused forfor severalseveral
checkschecks shouldshould bebe implementedimplemented as as methodmethod intointo thethe IQC IQC 
librarylibrary.                                                               .                                                               
(High (High levellevel of of reusereuse, high , high levellevel of of modularitymodularity).).

�� TheThe check check itselfitself isis implementedimplemented as a as a methodmethod callcall oror a a 
combinationcombination of of methodmethod callscalls fromfrom thethe IQC IQC librarylibrary in in thethe
IQC IQC mainmain filefile..

HowHow to to createcreate a a newnew check ?check ?

Example of
IQC
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IQC   Plug In  (Example in PERL)

Example of
IQC

ch
ec

k 
nIQC

ch
ec

k 
2

ch
ec

k 
1

IQC Library

IQC Library

IQC Library

IQC Library

IQC Library

### Voltage Check  Plug In ###

# read typ supply voltage range and voltage tolerance from configuration file
my @configFile = $processConfigurationFile->readConfigurationFile($options{cfg}, $path, 'array');
my %vcc_typ_range = $processConfigurationFile->getConfigurationTypVoltageRange(\@configFile);
my %vcc_tolerance = $processConfigurationFile->getConfigurationVoltageTolerance(\@configFile);

# read IBIS voltage range
my @model = $processIBISFile->getIBISModel(\@ibisFile, $modelname);
my %voltage = $processIBISFile->getIBISModelVoltageRange(\@model);

# supply check
if($executeIBISChecks->compareValues($voltage{typ}, $vcc_typ, "=")){ 

processResult->print("supply check:  ok    \n“); 
}else{ 

processResult->print("supply check:  error \n“); 
}
# sequence check
if($executeIBISChecks->valueSequence($voltage{min}, $voltage{typ}, $voltage{max})){

processResult->print("sequence check:  ok    \n“);
}else{ 

processResult->print("sequence check:  error \n“); 
}
# range check
if($executeIBISChecks->valueSequence($vcc_typ_range{min}, $voltage{typ}, $vcc_typ_range{max})){ 

processResult->print("range check:  ok    \n“); 
}else{ 

processResults->print("range check:  error \n“); 
}
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IQC Output Processor

Example of
IQC

========================= Model Checks ==========================
+++++ Name: MODEL_3549_2411_7  Type: 3-state +++++
D.1 Voltage Checks:

Correct ordering of IBIS voltage values: [x]
Typical IBIS voltage is compliant to parameter file: [x]

D.2 Temperature Checks:
Correct ordering of IBIS temperature values (CMOS): [x]
Typical IBIS temperature is in range of configuration file (CMOS): [x]

D.4 Ramp Checks:
Correct ordering of IBIS rising ramp values: [x]
Correct ordering of IBIS falling ramp values: [x]

D.5 IV Table Checks:
Correct ordering of IBIS I-V table values:

Pulldown: [x]
GND_clamp : [_]
Pullup: [x]
POWER_clamp: [_]

ExampleExample::

Output processor:Output processor:
�� Basic Basic printprint functionalityfunctionality
�� SophisticatedSophisticated outputoutput processingprocessing ((notnot yetyet implementedimplemented))

¾¾ Sorted by kind of test, error type, quality level, etc.Sorted by kind of test, error type, quality level, etc.
¾¾ Configurable output formats Configurable output formats 
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Summary

�� TheThe benefitsbenefits of an IQC of an IQC areare indisputableindisputable, , 
butbut no no oneone will start, will start, yetyet

�� Large amount of Large amount of workwork, to , to íímplementmplement the tool, the tool, 
with with ““allall”” of the quality checks included of the quality checks included at onceat once

�� TheThe successsuccess of of thethe IBIS QUALITY TASK IBIS QUALITY TASK requiresrequires a a commonlycommonly
acceptedaccepted procedureprocedure of of automationautomation

�� If If modular conceptmodular concept is used, a reasonable is used, a reasonable IBIS QUALITY CHECKERIBIS QUALITY CHECKER
should be reachable, which is should be reachable, which is ““selfself--improvingimproving”” by useby use

��Existing local solutions can be integrated into a powerful centrExisting local solutions can be integrated into a powerful centralized alized 
solution to the solution to the benefit of the whole IBIS communitybenefit of the whole IBIS community
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Industrial Solutions and Services
Your Success is Our Goal

Questions

IBIS QUALITY CHECKER

Manfred Maurer         manfred.maurer@siemens.com
Dr. Christian Sporrer  christian.sporrer@infineon.com


