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ExecutiveSummary

Thisfull reversecostingstudy hasbeen conductedto provide insighton technologydata, manufacturingcost and sellingprice of the
AirPodsProSiPAudioSystem. Thefull systemincludestwo SiPmodulesand2 MEMSmodules.

System-in-Package(SiP) marketattaineda hugerevenueof $13.4 billion in 2019andis expectedto achieveapproximately$18.8 billion is
2025. Themarket is mainlydriven by increasedneed for advancedarchitecturesin electronicdevicesmostly in mobile and consumer
products. Advancedtechnologyasksfor higher levelsof die and functionality integrationin a singlepackageat lower cost. Since2015,
Applehasintegratedseveralgenerationsof SiPin its Smartwatch. Thisyear,for the first time, the companyhaschosenthe sametype of
solutionfor its earbuds. Thiscamein two differentSiP, onefor the Bluetoothconnectivityandonefor the audiocodec.

!ǇǇƭŜΩǎAirPodsadopt SiPfor the first time in the latest AirPodsPro. TheSiPinfluencesdevicecompactnessand sizereductionof the
wirelessheadsets. The AirPodsPro designedand manufacturedby Apple comprisesof severalSiPsassembledtogether: Two Inertial
Measurementunits(IMU),oneBluetoothModuleandoneAudioCodecModule. TheIMUsarestandardLGASiPsfrom STMicroelectronics.

TheBluetoothModule calledH1-Module is packagedusingdoublesideMolding technologyin order to integratea memoryunder the
System-on-Chip(SoC). Thisstructureenableswirelessconnection,drivesvoiceenabledSiriandenforcesreal time noisecancellation. The
AudioCodecintegratedup to 8 diesand80passivescomponentswith adensityof 0.96componentspermm².

Themodulehasa specialshapethat isdesignedto bemechanicallyconstraintin the earbudsto maximizethe lostareain the system. Both
SiParedesignedin order to hasbetter powermanagement,higherperformanceswith ahighcosteffectiveness.

Thereport includesall the packagingdetailsfrom the substrateto the diesfrom both SiPmodules. Thereport focuseson the packaging
processesof the two SiPmodulesand the final assembly. HighResolutionImagesof the PackageCrossSectionat different positionsand
anglesenablesa full packageandassemblyprocessanalysis. It alsoincludesa full descriptionof the processandthe manufacturingcostof
the diesandthe packaging. Finally,a physicalcomparisonof the two SiPModulesis included.
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The reverse costing analysis is conducted in 3 phases:

Teardown 
analysis

ωPackage is analyzed and measured,
ωThe dies are extracted in order to get overall data: dimensions, main blocks, pad number and pin   
out, die marking,
ωSetup of the manufacturing  process.

Costing 
analysis

ωSetup of the manufacturing environment,
ωCost simulation of the process steps.

Selling price 
analysis

ωSupply chain analysis,
ωAnalysis of the selling price.

ExecutiveSummary
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