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SiP definitionsSiP definitions
•• SystemSystem--inin--PackagePackage is a functional system or is a functional system or 

subsub--system assembled into a single packagesystem assembled into a single package
•• It contains It contains a single die ora single die or two or more dissimilar two or more dissimilar 

die, die, (typically)(typically) combinedcombined with other components with other components 
such as passive components (resistors, capacitors such as passive components (resistors, capacitors 
and inductors), passive networks (filters, and inductors), passive networks (filters, balunsbaluns, , 
antennas) and/or mechanical and/or optical antennas) and/or mechanical and/or optical 
components (MEMS, MOEMS, photonics devices) components (MEMS, MOEMS, photonics devices) 

•• These components are mounted, embedded These components are mounted, embedded 
and/or integrated together on a substrate or and/or integrated together on a substrate or 
package base to create a customised, highly package base to create a customised, highly 
integrated product for a given applicationintegrated product for a given application
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SiP definitionsSiP definitions
•• Precludes :Precludes :

–– single die type stacked memory  productssingle die type stacked memory  products
–– Stacked package structures (Stacked package structures (PoPPoP, , PiPPiP))

•• Aligned with heterogeneous integration trendAligned with heterogeneous integration trend
•• Multichip Modules (MCM)Multichip Modules (MCM)

–– 1980s, processor  modules, > 5 die, gated by cost, 1980s, processor  modules, > 5 die, gated by cost, 
KGD issuesKGD issues

–– absorbed by SoCabsorbed by SoC
•• Multichip Packaging (MCP)Multichip Packaging (MCP)

–– 1990s, used single chip infrastructure, < 5 die1990s, used single chip infrastructure, < 5 die
–– SiP preSiP pre--cursorcursor
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SiP packaging functionalitySiP packaging functionality
a)  Internal electrical interconnections between SiP active, pasa)  Internal electrical interconnections between SiP active, passive & mechanical devicessive & mechanical devices
b)  External electrical interconnections to the pcb at a supportb)  External electrical interconnections to the pcb at a supportable pitchable pitch
c)  Environmental protection & encapsulation of the SiP integratc)  Environmental protection & encapsulation of the SiP integrated active, passive & other devices ed active, passive & other devices 

to allow test, handling, pcb assembly, mechanical & environmentato allow test, handling, pcb assembly, mechanical & environmental reliabilityl reliability
d)  Electrical screening between the SiP module and surrounding d)  Electrical screening between the SiP module and surrounding pcbpcb––level componentslevel components
e)  A thermal dissipation path between the devices, components, e)  A thermal dissipation path between the devices, components, module, pcb & system ambientmodule, pcb & system ambient
f)  SiP identity and traceabilityf)  SiP identity and traceability
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SiP benefitsSiP benefits
•• SystemSystem--inin--Package (SiP)Package (SiP)

Smaller form factorSmaller form factor
FlexibilityFlexibility
Faster timeFaster time--toto--marketmarket
Lower NRELower NRE
Mixing of technologiesMixing of technologies
Higher performanceHigher performance
–– signal propagationsignal propagation
–– power dissipationpower dissipation
–– noise & EMC performancenoise & EMC performance

High added valueHigh added value
IPR protectionIPR protection
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SMT passive componentsSMT passive components

On a typical PCB, SMT passives comprise:On a typical PCB, SMT passives comprise:

91% of components91% of components
29% of solder joints29% of solder joints
41% of board area41% of board area
per year, ~ 1 trillion passives surfaceper year, ~ 1 trillion passives surface--mountedmounted
~ 0.5 cents purchase + 1.3 cents ~ 0.5 cents purchase + 1.3 cents ““conversionconversion””
Passives numbers growingPassives numbers growing
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Integrated passives benefitsIntegrated passives benefits
Improved performanceImproved performance
Reduced size & weight (2 to 10 fold)Reduced size & weight (2 to 10 fold)
Higher functional densityHigher functional density
Reduced mounted component countReduced mounted component count
Reduced costs per functionReduced costs per function
Reduced wiring demandReduced wiring demand
Greater SMT throughput Greater SMT throughput 
Improved reliability & EMC emissions Improved reliability & EMC emissions 
Continuous component valuesContinuous component values
LeadLead--free technologyfree technology
High added value & IPR protectionHigh added value & IPR protection
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SiP categories, architecturesSiP categories, architectures
•• Hierarchical structureHierarchical structure

integrated passivesintegrated passivesintegrated passivesintegrated passivesintegrated passivesintegrated passives

interposerinterposersubstratesubstrateembeddedembeddedmountedmounted

thinthin--filmfilmlaminatelaminateLTCCLTCCleadframeleadframePackaging Packaging 
platformplatform

tbdtbdOther devicesOther devices

IPDIPDSMTSMTPassive devicesPassive devices

TSVTSVsolder ballsolder ballflip chipflip chipwire bondwire bondChipChip--toto--nextnext--levellevel

TSVTSVsolder ballsolder ballflip chipflip chipwire bondwire bondChipChip--toto--chipchip

3D3D2D2DDie placementDie placement

otherotherCSPCSPbare diebare diepackagingpackaging

Active devicesActive devices

SiP categorySiP category
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SiP categories, architecturesSiP categories, architectures
•• The first class of SiP categorisationThe first class of SiP categorisation
•• Active devicesActive devices

–– Technologies: CMOS, Technologies: CMOS, BiCMOSBiCMOS, bipolar, GaAs .., bipolar, GaAs ..
–– active device packaging (if any) active device packaging (if any) 
–– die placement architectures die placement architectures 
–– chipchip--toto--chip and chipchip and chip--toto--nextnext--level level 

interconnection technologyinterconnection technology
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SiP categories, architecturesSiP categories, architectures
•• Device packaging categoriesDevice packaging categories

–– Bare dieBare die
•• important to use Known Good Die (KGD)important to use Known Good Die (KGD)
•• ensures high SiP manufacturing yieldensures high SiP manufacturing yield

–– Chip Scale Packaged (CSP) dieChip Scale Packaged (CSP) die
•• inherently high KGD levelinherently high KGD level

–– Conventionally packaged devices Conventionally packaged devices 
•• occasionallyoccasionally
•• area and headroom overheadarea and headroom overhead
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SiP categories, architecturesSiP categories, architectures
•• Die placement Die placement 

architecturesarchitectures
–– 22--dimensional arrays dimensional arrays 
–– 33--dimensional, stacked dimensional, stacked 

die structuresdie structures
•• die thinning to minimise die thinning to minimise 

stack headroom stack headroom 
•• spacers to allow wire spacers to allow wire 

bond access bond access 

Source: Unisem
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SiP categories, architecturesSiP categories, architectures
•• ChipChip--toto--chip, chipchip, chip--toto--nextnext--level interconnectlevel interconnect

–– wire bondingwire bonding
–– flip chip and solder ball bondingflip chip and solder ball bonding
–– ThroughThrough--SiliconSilicon--Vias (TSVs) Vias (TSVs) 

flip chip solder ball

through-silicon via

wire bond
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SiP categories, architecturesSiP categories, architectures
•• The second class of SiP categorisationThe second class of SiP categorisation

–– Passive componentsPassive components
•• SMT passivesSMT passives

–– standard footprintsstandard footprints
–– issues at 0201, 01005issues at 0201, 01005
–– EE--series value stepsseries value steps

•• IPDsIPDs
–– thinthin--film on glass, siliconfilm on glass, silicon
–– networks, arraysnetworks, arrays
–– solder ball, CSP formatsolder ball, CSP format
–– quasi continuous valuesquasi continuous values



Copyright © TWI Ltd 2009World Centre for Materials Joining Technology

SiP categories, architecturesSiP categories, architectures
•• The third class of SiP categorisationThe third class of SiP categorisation

–– Mechanical and optical device structuresMechanical and optical device structures
•• MEMS, MOEMSMEMS, MOEMS

–– Special packaging needsSpecial packaging needs
–– Hermetic sealingHermetic sealing

•• Optical devicesOptical devices
–– Sources, detector devicesSources, detector devices
–– Precision alignment needsPrecision alignment needs
–– WaveWave--guide, fibre, lens interfacingguide, fibre, lens interfacing
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SiP categories, architecturesSiP categories, architectures
•• The fourth class of SiP categorisationThe fourth class of SiP categorisation

–– SiP packaging platform categoriesSiP packaging platform categories

•• leadframeleadframe
•• LTCCLTCC
•• laminate laminate 
•• thin film substratethin film substrate
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SiP categories, architecturesSiP categories, architectures
•• leadframe packaging platformleadframe packaging platform

–– DFP, QFP, QFNDFP, QFP, QFN
–– metallic leadframemetallic leadframe
–– lower pinlower pin--countcount
–– high thermal dissipation SiPshigh thermal dissipation SiPs

Source: Unisem
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SiP categories, architecturesSiP categories, architectures
•• LTCC packaging platformLTCC packaging platform

–– glassglass--ceramic, laser vias, printed ceramic, laser vias, printed 
conductorsconductors

–– laminated & firedlaminated & fired
–– print resolution, shrinkage print resolution, shrinkage 

limitationslimitations
–– cavity package optioncavity package option
–– integrated passives capabilityintegrated passives capability

Source: Carsem
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SiP categories, architecturesSiP categories, architectures
•• laminate packaging platformlaminate packaging platform

–– surface mounted or embedded surface mounted or embedded 
componentscomponents

–– integrated passives capabilityintegrated passives capability

Source: RFMD
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SiP categories, architecturesSiP categories, architectures
•• thinthin--film substrate packaging film substrate packaging 

platformplatform
–– SiP package platformSiP package platform
–– thinthin--film interposerfilm interposer
–– high density integrated passives high density integrated passives 

capabilitycapability

Source: STMicroelectronics
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SiP packaging platform comparisonSiP packaging platform comparison

< 2< 2< 25< 25< 10< 10< 5< 5Optimum size, cmOptimum size, cm22

Functional Functional 
density, density, 
performanceperformance

costcostmaturitymaturityThermal Thermal 
dissipationdissipation

Primary advantagePrimary advantage

costcostmaterials, materials, 
interconnecinterconnec
tion densitytion density

shrinkage and shrinkage and 
accuracyaccuracy

Interconnection Interconnection 
densitydensity

Primary difficultyPrimary difficulty
highhighlowlowmediummediumlowlowCost per unit areaCost per unit area

highhighhighhighhighhighhighhighReliabilityReliability

mediummedium--highhighlowlow--mediummediummediummediumhighhighThermal dissipationThermal dissipation

full rangefull rangepart/full rangepart/full rangefull rangefull rangenonoIntegrated passivesIntegrated passives

highhighmediummediummediummediumlowlowPatterning accuracyPatterning accuracy

highhighmediummediummediummediumlowlowInterconnection densityInterconnection density

lowlow--mediummediumhighhighhighhighlowlow--mediummediumI/O countI/O count

Key attributesKey attributes

ThinThin--filmfilmlaminatelaminateLTCCLTCCleadframeleadframePlatform classPlatform class
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Integrated passives comparisonIntegrated passives comparison

200/cm200/cm2225/cm25/cm2250/cm50/cm2 2 Component densityComponent density

highhighlowlow--mediummediummediummediumComponent accuracyComponent accuracy

1010ΩΩ -- 1K1KΩΩ/square/square100100ΩΩ -- 10K10KΩΩ/square/square1010ΩΩ -- 10M10MΩΩ/square/squareResistivityResistivity

NiCrNiCr, , TaNTaN, , SiCrSiCrNi(PNi(P), polymer thick), polymer thick--film, film, 
ceramic thickceramic thick--filmfilm

Conducting oxideConducting oxide--
dielectric mixturesdielectric mixtures

Resistor materialsResistor materials

1 1 -- 80 nF/mm80 nF/mm220.3 0.3 -- 150 nF/cm150 nF/cm221 1 -- 100 nF/cm100 nF/cm22Capacitance density Capacitance density 
rangerange

SiN, anodised Al, Ta in SiN, anodised Al, Ta in 
2D or 3D formats2D or 3D formats

Thin laminate, polymer Thin laminate, polymer 
thickthick--film or ceramic thickfilm or ceramic thick--
filmfilm

GlassGlass--ceramic dielectric ceramic dielectric 
or ferroelectric basedor ferroelectric based

Capacitor materialsCapacitor materials

highhighMediumMedium--highhighmediummediumInductor quality factorInductor quality factor

highhighmediummediummediummediumInductance densityInductance density

2 2 -- 5 5 μμm Al or Cum Al or Cu~ 12 ~ 12 -- 35 35 μμm Cum Cu~10 ~10 μμm Ag alloysm Ag alloysInductor materialsInductor materials

silicon/glass wafersilicon/glass waferFR4 panel, HDI buildFR4 panel, HDI build--upupprinted and fired multiprinted and fired multi--
layer glasslayer glass--ceramicceramic

substrate type and substrate type and 
manufacturemanufacture

ThinThin--filmfilmlaminatelaminateLTCCLTCCPlatform classPlatform class
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SiP industry surveySiP industry survey
•• Company name, address, contact detailsCompany name, address, contact details
•• Your reasons for adopting SiPYour reasons for adopting SiP
•• Your position in the SiP supply chainYour position in the SiP supply chain
•• SiP application example data collectionSiP application example data collection
•• SiP technologies employed in the application SiP technologies employed in the application 

exampleexample
•• SiP design tools, design route employed in the SiP design tools, design route employed in the 

application exampleapplication example
•• Willingness to supply SiP technology example Willingness to supply SiP technology example 
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Reasons for adopting SiPReasons for adopting SiP
Reasons for SiP
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SiP ApplicationsSiP Applications
SiP Applications
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SiP technologiesSiP technologies
SiP technologies - die level
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SiP technologiesSiP technologies
SiP passives, packaging
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SiP technologiesSiP technologies

SiP packaging platform details
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SiP optionsSiP options

•• Many partitioning optionsMany partitioning options
–– SoC, SiPSoC, SiP
–– pcb, LTCC, laminate, thin filmpcb, LTCC, laminate, thin film
–– hierarchical design helpfulhierarchical design helpful
–– easy interface transfer helpfuleasy interface transfer helpful

•• Partitioning key to size, cost, performancePartitioning key to size, cost, performance
•• Opportunities for chipOpportunities for chip--package copackage co--designdesign
•• Performance & costPerformance & cost--perper--function Figuresfunction Figures--ofof--MeritMerit
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SiP directionsSiP directions
•• TimeTime--toto--market is keymarket is key

–– Improved design routesImproved design routes
–– Adoption of packaging platform & IPD Adoption of packaging platform & IPD PDKsPDKs
–– SiP coSiP co--designdesign
–– SiP/SiP/SoCSoC iterationsiterations

•• Functional density is keyFunctional density is key
–– Growing adoption of flip chip, Growing adoption of flip chip, IPDsIPDs, , TSVsTSVs

•• CostCost--performance is keyperformance is key
–– Early design partitioning Early design partitioning 
–– Larger substrate processing formatsLarger substrate processing formats
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Summary & ConclusionsSummary & Conclusions

•• SiP & passive integrationSiP & passive integration
–– Concepts & benefits outlinedConcepts & benefits outlined
–– Categories & architectures definedCategories & architectures defined
–– Industry survey results presented Industry survey results presented 
–– Application areas reviewedApplication areas reviewed
–– Technology options & directions indicatedTechnology options & directions indicated
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