P S EVI ICO v

w—— 4 Knowledge

MEMS and Controllers:
Dynamics of Competition

May 2013

MP103-13



© Copyright Semico Research Corp., 2013. All rigtgserved.
Reproduction in whole or part is prohibited withtlue express written permission of Semico.
The contents of this report represent the inteapicet and analysis of statistics and informaticat ik generally

available to the public or released by responsftencies or individuals, but is not guaranteea ds accuracy
or completeness.



Table of Contents

TaDIE OFf CONTENTS... .o sttt et esaeesaeennesneenreas i
IS o = o =S PSPPSR v
I 0 T U =SSP Vi
EXECULIVE SUMIMAIY .....viieiiciieie e seesie ettt ee s ste et et e e e sseeseeseesseensesneesseensesneensaensesneenes 1
1Y/ 10T o] o |2 4
L@ AV V= PSRRI 5
IMEIMIS TYPES .ttt ettt ettt et h et e s ae e e b e e s ae e e be e saeeebe e smneebe e saneenneesnneeneas 7
RS =] 1] £ PP 7
F oot =T [T do] 0 1] (=] PP PPPPPPRTPPN 9
(€] (01T ol0] o[NP SPUPPPTR R URPPPRI 9
MAGNETIOMEBTET ...ttt e e et e e e et e e s enaa e e e e et e e e eran s 9
BarOMEetriC PrESSUIE.....ueiiiiiiiiiiiiee e ommmmm ettt 10
TEMPEIATUIE ...t ettt et e et e e et e e erm e e e era e e eeanaas 10
N 0] o= | T | o R 10
T TSSO P PP 11
PIOXIMILY ..ottt ettt s e e s e e e e e e e e e e e eeees 11
1Y/ Tod o o] o 1= PSRRI 12
pTod ] g o]0 0= (= PP TTPPPPPPP 12
TOUCK ..+ttt e e e e e e e e e e e e e e aaaeeaaaeeeeaeeeeaarrnnes 12
Humidity, Bio SENSOrs and OthEr ...........iccccce e e e e e e 12
How MCUsand MEM SWOrk TOQELNEr .........coooiiiiiieieeceee s 13
Inertial Motion UNItS (IMUS) .....uueeiiiie e e e e e e e e e e e ee e s s 14
1Y@ U I s To ] o1 PP RRRRPP 15
1Y@ I @fo] 4] 011 111 ] o TR 16
A S S ettt e e e e e 17
Apps Processor with Integrated Sensor Hub Contr@ige.................coovvvvvvveecennnnn. 19
Sensor HUD fOr SENSOr FUSION.........oiiiiieeee e 20
Advantages Of SENSOr FUSION ....... e 21
Benefitsof Combining MCUSsand MEMS..........ooiiiee s 23
Development TOOIS and ECOSYSIEMS .......ooieeeeeeeciiiiee s 23
Renesas and ANalog DEVICES...........uuuuueeeeeeeeiiiiiiiiiiiie e e e e e e aeeeeeeeeeasesssnnnnnsennne 24

MEMS and Controllers: Dynamics of Competition
2013© Semico Research Corp. All Rights Reserved
Pgi



XilinX and ANAlOg DEVICES ........ooeviiiiiiiicee et e e e e e naaaaaaa e 24

Freescale and BOSCH ...........oiiiiiiiiit et e e e e e e e e era e 26
MiCroChip and INVENSENSE ......uuuuuuii s e e e e et eeeeaebb s 26
TEXAS INSITUMENTS ...t s et e et e e e e e e e e e e et e e et s e enneeeaneeeeneeenns 27
QST =T 0o i I T PP PPPPPOPPPPPRRPTN 27
Tl Sensor HUD BOOSIEIPACK ..........oiieieeeeee e 28
Texas Instruments and MUFALA ...........oovueeeee e 29
LAPIS Semiconductor and KIONIX..............umereneeeerineeeiiineeeesieeeeesineesssneaeeeenns 29
N £ = PSPPI 30
Qualcomm and INtel ........ooueiii 31
SENSOE FUSION ...ttt e et o oo e e et e e e et e e e eaaneeeasaneeeesnntneesraneeenans 31
IMAEKEL SIZE ...t e e et e e et e e e b e e e e ab e e e easeeeeaseeeneeeeseeesbeeesnneeas 32
ENA USE MATKELS ...uuiiiiiiiiii e ieees e e ettt s e e e e e et e e e e e e e enesaa e e e e e eesaaanns 32
MEMS MAATKEL ......uuiiieieeiiii e eee e et e e e e et e e e e e et eeeeeeeennssaaeeeeeeees 33
MCU MATKEL ...eeeiiii et e e e et e e et e e s eenn e e e e et e e eeaans 37
MCUS Wit IMEMS ..o ettt e e e e e e e e e e e e e ennnra e e 42
MCUs and Other Control SOIULIONS ...........cceeeeeeiiiiiiiee e eeeenas 46
Controller Solutions by End Use Markets......ccceeveeeeieeiiiiiiiiiiiiiceceeeeeeieeeeeee 47
Sensor Hub for Advanced SENOr FUSION ......commeveieeeiieeeeeee e eeenannes 57
MEMS Usage in Advanced Sensor FUSION ..o eeeeiiiiiiiiiicccieeeeeeeeeeeeeeveee 60
(S Y B2 Y TSRS 64
MCU anNd MEMS ... .o et e e e e e e e et e e e e e eernnnra e e e e eeesaans 64
ANAIOG DBVICES ....oiiiiiiiiiiiitiiee e ettt s s s e e e e e e e e e e e e eeeeeeaeeeeaeeeeessnennnnns 64
FrEESCAIR ...oue e e et e et e e et e et e e e e e arn e et r e aaaas 64
STMICIOEIECITONICS ...evvviieiiiiiiiie e ceemmme e ettt e e e e e e e e e ea it e e e e e e esennna e eeeeesees 67
MaXiMm INTEGIATEA ......uueiiiii ittt e e e e e e e e e e e e e e e eeeeeeeeeenneees 68
MCU and Controller VENUOIS .......c.uuiiiiitcecmmn e ee et e et e e et e e et e e e erneeeeseaaaeees 69
N 10 = R PPPOR 69
EM MICIOEIECIIONIC ... cceviiieii ettt ettt e e e e e e et e e eaaa e 70
01T aT=To] o FO PSSP 70
[N o ISR Y =T ¢ 1 ToT0] o [1 11 (o | PP 70
LattiCe SEMICONUUCTON ........ ittt e e e e et eee e e ee s e eenans 70
1Yol o Tod o 1T o SRR 71
N 71
] ST T TP 71
TeXAS INSITUMENTS ... .cuiiei e s e e et e e et e et e et e en et e et s enaenneeaneeanaennnes 71
D111 PP PTPRUPPPPRPON 72
MEMS VENUOIS ..ottt e et e e e et e e e e et e e e e st e e e e st eeesnnta e eesan e sesannns 73
F (ol 0 1 IR] C= 1= AP RUPPPR 73
N PP 73

MEMS and Controllers: Dynamics of Competition 20 3Femico Research Corp. All Rights Reserved
Pgii



AKuUStiCa (BOSCH SENSOIMEC) .......cevvvvrieiemmmmmmeiiieeeeeeeeeeee e e e e
| 1S3 = [T ox 4 o
BOSCH SENSOMEC....uueiiiii i

HONEBYWEIL.....eeeeeeee ettt

[a){TaT=T0] o TR

KON et —————

SEIKO EPSON ...

WOIFSON EIECIIONICS - ceeeeeee e e et e e

MEMS and Controllers: Dynamics of Competition 20 3Femico Research Corp. All Rights Reserved

Pg iii

LAY LT ST =] 0 T

0} (ST TR
Y =Y S [T



List of Tables

Table 1: Total MEMS Shipments by End Use MarketrSegts (Millions of Units).................. 33
Table 2: Total MEMS Sales by End Use Market Segm@vitllions of Dollars) ....................... 34
Table 3: Total MEMS Shipments by MEMS Type (Mill®of UNits)..........ccooveeiiiiiiiiiinnnnns 35.
Table 4: Total MEMS Sales by MEMS Type (Millions@OIlars) ........cccceeeveeieiiiiiiiiiiiieeeiens 36
Table 5: Total MCU Sales by Type, excluding IC Cévtillions of Dollars)...........ccccc..uvvuuew 37
Table 6: Total MCU Shipments by Type, excludingG&rd MCUs (Millions of Units)............ 38
Table 7: Total MCU Shipments by Market Segment].d&cCards (Millions of Units)............ 39
Table 8: Total MCU Sales by Market Segment, exelClards (Millions of Dollars) ................. 41
Table 9: Total MCU Shipments with MEMS by Marketg&eent (Millions of Units)................ 42
Table 10: Total MCU Sales with MEMS by Market Segin@lillions of Dollars) ................... 44
Table 11: Total MEMS Controller Shipments (MilliooBUNILS) .......ccooeeiiiiiiiiiiiiiiiiiiiiceeees 46
Table 12: MEMS Controller Shipments in Consumerliiphs of Units) .............oevvvvvieiinnnn a7
Table 13: MEMS Controller Shipments in Automotiwil{ions of Units) .............cccevvvinnnnes 48
Table 14: MEMS Controller Shipments in Computingl(i@ns of Units) .............................49
Table 15: MEMS Controller Shipments in SmartphofMdlions of Units)..............cccceeeeenee 51
Table 16: MEMS Controller Shipments in Feature RisofMillions of Units) .............cc........ 52
Table 17: MEMS Controller Shipments in Health Fgs@and Medical (Millions of

O 1) 54
Table 18: MEMS Controller Shipments in Other IndatMillions of Units) ...................... 55
Table 19: Sensor Hub Controller Solution by End Mieekets (Millions of Units) ................... 57
Table 20: MEMS Shipments in Advanced Sensor FusjoBnd Use Markets (Millions

(o) 10 11 £ 60
Table 21: MEMS Sales in Advanced Sensor Fusionriy #Ese Markets (Millions of

1970 | F= 1) PSR 61
Table 22: MEMS Shipments in Advanced Sensor Fusjofype (Millions of Units)............... 62
Table 23: MEMS Sales in Advanced Sensor FusionypeTMillions of Dollars) .................... 63
Table 24: Summary of Key MCU Vendors with MEMS &eINShips............ccccvvviiveeeiiinnnnnn. 8.7
Table 24: Summary of Key MCU Vendors with MEMS &eInships.........ccccceevviiiiiieeennnn. 9.7
Table 24: Summary of Key MCU Vendors with MEMS &eINShips...........cccccviiieeeniinnnnn 0.8
Table 24: Summary of Key MCU Vendors with MEMS &eInships.........cccceeeveiiiieieeennne. 1.8
Table 24: Summary of Key MCU Vendors with MEMS &eINships...........ccccccceeiveeeveinnnnnn. 2.8
Table 24: Summary of Key MCU Vendors with MEMS &eInships.........ccccceeeviiiiieieennne. 3.8

MEMS and Controllers: Dynamics of Competition 20 3Femico Research Corp. All Rights Reserved

Pgiv



Table 24:
Table 24:
Table 25:
Table 25:
Table 25:
Table 25:
Table 25:
Table 25:

Summary of Key MCU Vendors with MEMS &&INShips ..........cccceeeiveieiiiiinnnn.
Summary of Key MCU Vendors with MEMS &&Nships........ccccceeeviiiiiieiinnnne,
Summary of Key MEMS Vendors with MCU &&INShips ..........cccceeevveiiiiiiinnnen,
Summary of Key MEMS Vendors with MCU &&NShips ........ccccoeevvviiiieeiennnen,
Summary of Key MEMS Vendors with MCU &&INShips ..........cccceeevveveiiiiinen.
Summary of Key MEMS Vendors with MCU &@NShips........ccccoeeviiiiiieeeinnnnn,
Summary of Key MEMS Vendors with MCU &&INShips ..........ccccceevveviiiiiinnnn,
Summary of Key MEMS Vendors with MCU &&NShips ........ccccoevveiiiiiieeennnene,

MEMS and Controllers: Dynamics of Competition 20 3Femico Research Corp. All Rights Reserved

Pgv

4.8
2.8
6.8
7.8
8.8
9.8
0.9
1.9



List of Figures

Figure 1: 10-AXiS Frame Of REFEIENCE.........coouiiie et 8
Figure 2: Connecting MEMS DireCtly t0 aMCU .......ccccvciieiiiiecece e 14
Figure 3: Continuum Of 6/9-AXiS ATChITECIUIES........cccuiiieriirie et e 15
Figure 4: InvenSense MOotionAPPS SENSOr HUD .......ccviiieciiee e 18
Figure5: Lattice Semiconductor iCE40 FPGA with Apps ProCESSON ........ccovveerieeiiieenieeie e 18
Figure 6: Qualcomm Snapdragon 600 and 800 Block Diagram ..........c.cccceeeveveereeniesieeneeseesnenn 19
Figure 7: Intel Platform for Tablets and UItrabooks............cocvvieiiiiiiieniee e 21
Figure 8: Relationships Between MEM S vendors and MCU Vendors and Other

LY 4= 16 (0] £ TSP 25
Figure 9: Freescale and Bosch Airbag Evaluation Program ..........cccccecceveeveveeseesieseesieesee e 26
Figure 10: Microchip Motion Sensor Demo Board with InvenSense IMU-6050.............ccc....... 27
Figure 11: Texas Instruments SensorTag Block Diagram ..........cccceeveeeneeiesceeseece e 28
Figure 12: Texas Instruments Sensor HUb BOOStErPacK ............cooveiiiiiieiie e 29
Figure 13: Total MEMS Shipments by End Use Market Segments (Millions of Units) ............. 33
Figure 14: Total MEMS Sales by End Use Market Segments (Millions of Dollars)................... 34
Figure 15. Total MEMS Shipments by MEMS Type (Millions of UNits) ........cccceevecereeciecnnene 35
Figure 16: Total MEMS Salesby MEMS Type (Millions of Dollars).........cccccevvecviceneciincnnnne, 36
Figure 17: MCU Sales by Type, excluding IC Card MCUSs, excluding IC Card

VLR TEo g TS0 Lo )1 = ) IO 37
Figure 18: MCU Shipments by Type, excluding IC Card MCUs (Millions of Units)................. 38
Figure 19: Total MCU Shipments by Market Segment, excl. IC Cards (Millions of

O] 1 ) TSROSO 40
Figure 20: Total MCU Sales by Market Segment, excl. IC Cards (Millions of Dallars)............. 41
Figure 21: Total MCU Shipments with MEM S by Market Segment (Millions of Units) ........... 43
Figure 22: Total MCU Saleswith MEMS by Market Segment (Millions of Dallars)................. 45
Figure 23: Total MEMS Controller Shipments (Millions of UNits)..........ccccoeviveniineneeiienne 46
Figure 24: MEMS Controller Shipmentsin Consumer (Millions of UNits).........ccccceeevveiiennnene. 47
Figure 25: MEMS Controller Shipmentsin Automotive (Millions of Units) .........cccocevveiinnnenne 49
Figure 26: MEMS Controller Shipmentsin Computing (Millions of Units) .........cccccevvevieennene. 50
Figure 27: MEMS Controller Shipmentsin Smartphones (Millions of Units) .........c.cccceeeviennene 51
Figure 28: MEMS Controller Shipmentsin Feature Phones (Millions of Units)..........c.ccccueeeee. 53

MEMS and Controllers: Dynamics of Competition 2013 © Semico Research Corp. All Rights Reserved
Pg vi



Figure 29: MEMS Controller Shipmentsin Health Fitness and Medical (Millions of
O ) S

Figure 30: MEMS Controller Shipmentsin Other Industrial (Millions of Units)...........
Figure 31: Sensor Hub Controller Solution by Type (Millions of Units) ...........cccene...
Figure 32: Sensor Hub Controller Solution by End Use Market (Millions of Units) .....

Figure 33: MEMS Shipmentsin Advanced Sensor Fusion by End Use Markets
(MITHONS OF UNITS) ..ttt

Figure 34: MEMS Sales in Advanced Sensor Fusion by End Use Markets (Millions of
[0 =) TSP

Figure 35: MEMS Shipmentsin Advanced Sensor Fusion by Type (Millions of Units)
Figure 36: MEMS Salesin Advanced Sensor Fusion by Type (Millions of Dollars).....
Figure 37: Freescale Functional Block Diagram for Sensor HUb ...........cccocevveiiviienen.
Figure 38: Freescale 12-Axis Xtrinsic Data Flow for Windows 8...........cccoceverivieennens
Figure 39: Freescale MMA95590L Xtrinsic Motion Sensing Platform Block Diagram
Figure 40: STMicroelectronicsiNemo Engine Sensor Fusion SUIte............ccoveeveeeenens
Figure 41: Kionix Sensor Fusion Hardware and Software Solutions.............c.cccccveeene..

MEMS and Controllers: Dynamics of Competition 2013 © Semico Research Corp. All Rights Reserved

Pg vii



