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A New Type of Report

Forthe first time, Knowmade(specializedn patent analysis)and SystemPIlus Consulting(specializedn reverse
engineeringand reverse costing) are joining their unique added value in order to combined technology and
manufacturinganalysiswith patent claimsunderstandingin order to highlight the risksof patent infringement.

U Knowmadehasdevelopedmethodologiedo identify patentsrelatedto productfeatures

U By combiningtheir technicalknowledge,processflow understandingand patent search,SystemPlus
Consultingand Knowmadeare ableto providea clearlink between patentsand marketedproducts

U In-depth analysisof the links between technologyand patents provided in this report will lead to
understandingproduct features and related patents, and to highlight the potential risks of patent

infringement
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The Authors
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A Headquarteredn SophiaAntipolis,France Knowmadeis specializedn analysisof patentsand scientificresearchfindings We
provide patent search,|Plandscapepatent valuation,|P due diligence freedomto-operate, IP competition analysis scientific
literature landscapescientificstate of the art, technologyscouting,technologytransfer, alertsand updates Our serviceoffer
consistsof customstudies,analysisreports, on-demandtracking and strategy consulting Knowmadecombinesinformation
searchservices scientificexpertise,powerful analyticsand visualizationtools, and proprietary methodologiesfor analyzing
patents and scientific information. With a solid focus on Microelectronics, Compound Semiconductors,LED, MEMS,
Nanotechnologyand BiotechnologyKnowmade supportsresearchlaboratories,industrial companiesand investorsin their
businesslevelopment

A Headquarteredin Nantes, France, System Plus Consultingis specializedin technology and cost analysisof electronic
componentsand systemsin the fields of Integrated Circuits, Power Devicesand Modules, MEMS& SensorsLED,Image
SensorsPackagingncludingwafer level, ElectronicBoardsand SystemsThe companyoffers customreversecostinganalyses,
standardreverse costing reports and costingtools. Theseanalysesare used by PurchasingDepartmentsto measuretheir
& dzLJLJf chsE tdctre, R&D Departments to confirm technological choices depending on their impact on costs,
and Benchmarking/Marketindpepartmentsto monitor the productson the market

Disclaimer Knowmadeand SystemPlusConsultingare researchfirms that provide technicalanalysisand opinions Theydo not
provide any insightanalysesor counselregardinglegal aspectsor the validity of any individual patent. Theresearch technical
analysisand/or work containedhereinis not a legalopinionandshouldnot be construedassuch

PEEC Plus /N -
e | GaSSIENoss (QKnowMade
Copyrights €KnowMadeSARL and System Plus Consulting SARL. All rights reserved.



Table of Contents

Introduction P2
AScopeof TheStudy P5
AKeyFeaturesof the Report P7
AObjectiveof the Report P8
ATerminologyfor PatentAnalysis P9
AMethodology P11
ProductPresentation P12
ExecutiveSummary P16
Teardown TechnologyComparison P26
AMEMSGyro& AccelerometerStructure P27
AMEMSGyro& AccelerometerSensingArea P28
AMEMSGyro& AccelerometerCapSealing P30
AMEMSGyro& AccelerometeMicromachiningProcess P31
PatentAnalysis Riskof PatentInfringement P32
AMatrix ProductFeatures/PatenPortfolio P33
AALGeEutecticBondingProcess P35
> Patentldentification P36
- BoschBMX055 P36
- InvenSens&PU-9250 P37
-STLSMDD P38
> PatentApplicationTimeline P39
> PatentInfringementRisk P40
- Bosch BMX055 vsinvenSenspatents P40
- InvenSensMPU9250vsBoschpatents PA2
>|PCompetitors PA4
AAccelerdGyro on a SingleChip PAS
> Patentldentification P46
- InvenSens#PU-9250 P46
-STLSMDD P47
- BosctBMX055 P48
> PatentApplicationTimeline P49

Copyrights €KnowMadeSARL and System Plus Consulting SARL. All rights reserved.

> PatentInfringementRisk PS50

- STLSMDS® vsBosch& InvenSenspatents P50

- InvenSens®PU9250vsBoschpatents P52

>|P Competitors P54
A3-Axis Gyroscope Single Structure P55
> Patentldentification P56

- InvenSens®PU 9250 P56
-STLSMDS) P57

- BoschBMX055 P58

> PatentApplicationTimeline P59

> PatentinfringementRisk P60

- STLSMIDD vsinvenSenspatents P60

- InvenSensMPU9250vs STpatents P63
>Main IPCompetitors P65
AHybridMEMS P66
> Patentldentification P67

- InvenSens®PU 9250 P67

- BoschBM>X055 P68
-STLSMDS) P69

> PatentApplicationTimeline P70

> PatentinfringementRisk P71

- InvenSens®PU9250vsBoschpatents P71
>Main IPCompetitors P73
ASiNasProtectiveLayer(Micromachinedayers) P74
> Patentldentification P75
-STLSMDS) P75

- BoschBM>X055 P76

- InvenSens®PU 9250 P77

> PatentApplicationTimeline P78

> PatentInfringementRisk P79

- STLSMDS vsBoschpatents P79
Conclusion P81
AcConclusions P82
ASummaryof PatentInfringementRisks P83

{Q)KnowMade



Scope of theStudy(1/2)

AThisreport provides a technologyand patent infringement risk analysisof the newest 9-Axis
MEMSIMU suppliedby STMicroelectronicsBoschSensorteand InvenSense

AThis report does not provide detailed claim charts and legal opinions regarding patent
infringements The risks of patent infringement highlighted in this report require more in-
depthlegalassessmentso be confirmed.

STMicroelectronics BoschSensortec InvenSense
LSM9ODS0 BMX055 MPU-9250

The comparative study is focused on following product features
V Bonding ProcessAl-GeEutectic Bonding.
V AccelerdGyro on a Single ChipMultiple sealed cavities with different pressures.

V Sensing AreaGyro Single Structure.
V Hybrid MEMS Vertically integrated electronics and wafsecale hermetic packaging
V Micromachinedlayers:Silicon Nitride as protective layer.
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Scope of theStudy(2/2)

Motion sensingcombo sensoris a very hot topic, both in term of market potential and competition amongthe players The
growth of the applicationsof 6 and 9 degreesof freedom (DoF devicesis both pushingthe leaders(STMicroelectronicdBosch
Sensorte@and Invensensgand their challengerg§ AKM,Kionix mCube FreescaleAlps,KionixX justto namea few) to develop
innovativetechnicaland manufacturingsolutions,and, in parallelof course to havethe right patentsto protect their inventions
Butwhat are the similaritiesandthe differencesin term of technicaland manufacturingchoicesat the devicedevelandwhat is
the related patent situation?

Thisreport highlightthe risksof patent infringement betweenSTMicroelectronicsBoschSensorteand Invensensadn the field
of 9 axis MEMSinertial measurementunits (IMU). Asthe 9 axisIMUsare just startingto be adoptedby the market, it is the
right time now to understandwhat could happen between these 3 companiesand how to differentiate patents and claims
comparedto the leaders

2012wasseenby manyasa turnkey yearfor consumercombosensorg6 and 9 axissensors) Sincethen, many developments
haveoccurred,andthe marketacceptanceof combosolutionshasbeenextremelyquick Accordingo YoleDéveloppementthe
combosensormarketis estimatedto be $446M in 2013 growingto $1.97B in 2018 Thisrepresents21% of the globalinertial
consumemarketin 2013 andwill growto animpressive66%by 2018 In this playground ,STMicroelectronicsBoschSensortec
andInvenSensarethe 3 marketleadersin the inertial consumersensorswith more than 50%of marketshare

In a patentinfringementaction, the potential salesvolume playsa major role for assessinghe damageaward Moreover,there
existsa history of patent disputesbetweenthese3 leadingplayers

The LSMID, BMX055 and MPU-9250 are the newest 9-axis MEMSIMU from STMicroelectronics Bosch Sensortecand
InvenSenseespectively Thesedevicescontaina 3-axisgyroscopea 3-axisaccelerometeiand a 3-axismagnetometer

Thisreport is focusedon someaspectspresentingsimilarfeaturesbetweenthe 3 selectedproductsandrevealedby the reverse
engineeringperformedby SystemPlusConsulting Theseproduct featuresare mainlyrelatedto accelerdgyro die andthey are
not relatedto the magnetometeror the ASIC
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Key Features of the Report

Thisreport providesa deepinsighton technologydata and manufacturing processegteardownanalysis)f
LSMD S, BMXO55 and MPU-9250 9-axis IMU components,and comparative studies of product features
(similarities& differences)
It providespatents related to the target product features and held by STMicroelectronicsBoschSensortec
andInvenSense
It provides discussionson the potential patent infringement risks by comparing relevant patent claim
elementsto the target productfeaturesand manufacturingorocesses
Thisreport also providesan extensiveExceldatabasewith all patents analyzedin this study (60+ patent
familiescomposedof 200+ patents) Thisdatabaseallowsmulti-criteriasearches

- Patentpublicationnumber

- Hyperlinksto the originaldocuments

- Priority date

- Title

- Abstract

- PatentAssignees

- Legalstatusof the patent

Disclaimer This report does not provide any insight analysesor counselregarding legal aspectsor the
validity of any individual patent. Knowmadeand SystemPlus Consultingare researchfirms that provide
technicalanalysisand opinions. Theresearch technicalanalysisand/or work containedhereinis not alegal
opinion and shouldnot be construedassuch
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Objectives of the Report

AProvidean overview of technologydata and manufacturingprocessof LSMD3, BMX055
and MPU92509-axisIMU componentssuppliedby STMicroelectronic8oschSensorteand
InvenSenseespectively

AFind the technical and manufacturing process similarities and differences of LSMD3,
BMX055and MPU92509-axisIMU components.

Aldentify key patents held by STMicroelectronicsBosch Sensortecand InvenSensgand
relatedto the target productfeaturesand manufacturingprocesses

AFindthe link between patentedtechnologicakolutionsand marketedproducts
Aldentifythe potential infringingparties,and helpto find evidenceof use

Aldentify potential risks of patent infringement, and identify the patents which require a more
in depth legal assessment.
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Methodology

APackagés analyzedand measured

AThediesare extractedin order to get overalldata: dimensionsmain blocks,pad
numberand pin out, die marking

ASetupof the manufacturingprocess

AThe similarities and differencesof target of products are identified (product
featuresand manufacturingprocesses)

AA set of product features and manufacturingprocessess selectedregarding|
their interestin termsof IPstudy. )

Patent
Search

Infringement
NEE

APatentsare extracted from QuestelOrbit worldwide patent databaseby usina
keywordbasedqueries

AThe selection of relevant patents is done manually by expert review of the
subjectmatter of inventions

AThepatentsare manuallycategorizedegardingthe selectedproductfeatures )

\

AThe links between the patented technologiesand the target product features
are established

AThe potential infringing parties of the target product are identified, and the

potential risksof patent infringementsare discussed
J
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MEMSGyro &AccelerometerStructure
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MEMSGyro &AccelerometerSensing Area
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Matrix ProductFeature¢Patent Portfolio © /i [1/11 (0] [=

Company1 Company 2 Company 3
FEATURES Main IP Players
9-Axis MEMS| Identified J|9-Axis MEMS| Identified |9-Axis MEMS| Identified
Product 1 patents Product 2 patents Product 3 patents
Bonding process - 3relevant = :
Al/Ge eutectic bonding 0 patents 0 8 . .

S Y E

Maxim Integrated, Qualcomm,
' Fairchild, Murata, Ivrine
— ommE u u |
: @ @ Sensors, Continental Temic,
u EpEE B oom Em u u
Fraunhofer, ST
Microelectronics, InvenSense
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Al-GeBonding

Patent Identification

TEARDOWN

Product X
CompanyX

MEMS sensor and cap are sealed together with p=
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Al-GeBonding
Patent ApplicationTimeline SAM P &E

DEXXXXXXXXXX
Relevant patentfamily ! OO DEXXXXXXXXXXXXX
Relatedpatent family ! L OO /
: 33 3% 2 33 106 104 /m I’ ,’ 'I
" DEXXOOOKK ,-UM N
WO, EPgranted, TW 10—l —H » ;o . M"
\\\\ I’ /I, I ‘—%‘J [ I ,lll
N EDFI’E )L(J)S(XXXXXXXXX ' / " ” ,'I Earliestapplication date
\ ’, I,’ XXXXXXXXXXXXXX ; of the patentfamily
CompanyA !
2002 2003 2004 2005 2006 2007 2008 2009 2011 2012 2013 2014
CompanyB | ; | | | ! L XXXXXX¥granted
! ! | USXXXXIXQQ ted) | USXXXXXXXXXX I
. ! ranted .
1 XXXXXXKgranted : : XXXXXXXegranted
! i E : USXXXXXggranted XX)EXXXXQgrantec)
XXXXXXXXXgranted USXXXXXegranted i S
' WO, EP, KRifanted, CN, USgtanted XXXXXXXegranted
XXXXOOOOranted ! \lv\ \\ ﬁ[ ,j
LV LT

Note: Thedata correspondingo the years2012-2014 may not be completesincea significantnumberof
patentapplicationdiled duringtheseyearsmight not havebeenpublishedyet.
ERSYSTEMPIL= (Q)KnowMade

14
. , . AHIHCONSULTING]
Copyrights €KnowMadeSARL and System Plus Consulting SARL. All rights reserved. R



