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Executivesummary

Thisfull reversecostingstudy has been conductedto provide insighton technologydata, manufacturingcost and sellingprice of the
AirPod<ProSiPAudioSystemThefull systemincludeswo SiPmodulesand2 MEMSmodules

Systemin-Packag€SiP marketattaineda hugerevenueof $13.4 billionin 2019andis expectedto achieveapproximately$18.8 billionis

2025 The marketis mainly driven by increasedneed for advancedarchitecturesin electronicdevicesmostly in mobile and consumer
products Advancedechnologyasksfor higherlevelsof die and functionalityintegrationin a singlepackageat lower cost Since2015

Applehasintegratedseveralgenerationf SiPin its Smartwatch Thisyear,for the first time, the companyhaschosenthe sametype of

solutionfor its earbuds Thiscamein two different SiR onefor the Bluetoothconnectivityandonefor the audiocodec

I LILJABPQdsadopt SiPfor the first time in the latest AirPodsPra  The SiPinfluencesdevicecompactnessind sizereduction of the
wirelessheadsets The AirPodsPro designedand manufacturedby Apple comprisesof severalSiPsassembledogether. Two Inertial
Measuremenunits (IMU),one BluetoothModuleandone AudioCodedModule. ThelMUsare standardLGASiP$rom STMicroelectronics

The Bluetooth Module called H1-Module is packagedusingdouble side Molding technologyin order to integratea memoryunder the
Systermon-Chip(SoC)Thisstructure enableswirelessconnection drivesvoiceenabledSiriand enforcesreal time noisecancellationTh
AudioCodedntegratedup to 8 diesand80 passivesomponentsvith a densityof 0.96 componentgper mmz2.

Themodulehasa speciakhapethat is designedo be mechanicallgonstraintin the earbudsto maximizehe lostareain the syste
SiParedesignedn orderto hasbetter powermanagementhigherperformancesvith a highcosteffectiveness

Thereport includesall the packagingletailsfrom the substrateto the diesfrom both SiPmodules Thereport focuseson
processe®f the two SiPmodulesand the final assemblyHighResolutionmagesof the Package&CrossSectionat differ
anglesenablesa full packageand assemblyprocessanalysisit alsoincludesa full descriptionof the processandthe m
the diesandthe packagingFinally a physicatomparisorof the two SiPModulesisincluded
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The reverse costing analysis is conducted in 3 phases:

Company Profile & Supply Chain

wPackage is analyzed and measured,

wThe dies are extracted in order to get overall data: dimensions, main blocks, pad number and pin
out, die marking,

wSetup of the manufacturing process.

Physical Analysis

Physical Comparison Te ardown
Manufacturing Process Flow anaIyS|S

Cost Analysis

Feedbacks
wSetup of the manufacturing environment,

B0 wCost simulation of the process steps.

Costing
analysis

About System Plus

wSupply chain analysis,
wAnalysis of the selling price.
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Physical Comparison

SiP H1 Module
SiP Audio Codec Module “

Manufacturing Process Flow

Cost Analysis

Apple AirPods and Audio Module
©Apple

Feedbacks

Related Reports - Microphone

About System Plus External noise ¢

Microphone

An inward microphone
_________ ' inside the ear.

AirPods Pro Right Earbud— View
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o0 Bluetooth Module/ H1 Module

o Overview
0 Memory Die- Die X
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o0 RF CircuitDie 2
o MEMS Modules
0 STMicraVIEMS Module
0 Bosch MEMS Module
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Operation Amplifier Die 2

AirPod¥ProTearDown

Back of Main Flex

Main Flex

Audio Module

Front of Main Flex (Unfolded)— Optical View

/ ical View
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AirPods Pro Earphone TearDown
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Module XRay View

Overview / Introduction

Cmany [FEiE & Sy o X-Ray images reveal the integrated in the Module.
Physical Analysis * The dies occupy approximately = % of the Top Module package surface area.
0 Global Overview
o AirPods Pro TearDown * The X-Ray image reveals the integrated in the Module.

0 Full Audio Module System

o0 View & Dimensions

P XRay View

0 Module Opening
0 Audio Code Module

0 Opening & CrosSection
Audio Code Die 1
Operation Amplifier Die 2
Audio Amplifier Die 3
Touch Controller Die 4
LED DriverDie 5
Circuit Regulator Die 6
0 Bluetooth Module/ H1 Module

o Overview

0 Memory Die- Die X

o0 H1 ProcessorDie 1

0 RF CircuitDie 2
o MEMS Modules

0 STMicraVIEMS Module

0 Bosch MEMS Module
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Physical Comparison

Manufacturing Process Flow

Cost Analysis
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Module X-Ray View
égé;i SVSTEm PIU s ©2020 by System Plus Consulting
sea” Sl =R ISle ©2020 by System Plus Consulti§P20471 Advanced Syst nology in the ApflePodsPro- Sample 7



http://www.systemplus.fr/
http://www.systemplus.fr/

Module Cross$section
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SEEY, * Cross-section of the package reveals the die placement on the Top Module

Company Profile & Supply Chair s B ey 4 o \ PCB and the Bottom Module PCB.

Physical Analysis

0 Global Overview

0 AirPods Pro TearDown

0 Full Audio Module System
o0 View & Dimensions
0 XRay View
0 Module Opening

0 Audio Code Module
P Opening & CrosSection
0 Audio Code Die 1

* The Top Module PCB is attached to the Bottom Module/H1 Module PCB using

* Package Conformal shielding structure is also revealed covering the whole Top
module and the Bottom H1 Module.

B from the back side
ot the module are revealed.

o Operation Amplifier Die 2 . 3 2 o

o Audio Amplifier Die 3 Cross-Soction Plar T Dl . die is placed between the Top Module PCB and Bottom Module
0 Touch Controller Die 4 ©2020 by System Plus Consulting ©2020 by System Plus Consulting PCB.

o0 LED DriverDie 5

o Circuit RegulatorDie 6

0 Bluetooth Module/ H1 Module Solder balls
o Overview |
0 Memory Die- Die X
o0 H1 ProcessorDie 1
o RF CircuitDie 2 | ot - L~ 4= A= (] fe Ll
o MEMS Modules
0 STMicraVIEMS Module
o0 Bosch MEMS Module

Physical Comparison

Manufacturing Process Flow

Cost Analysis
Feedbacks
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Module CrosSectiorg Optical View
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