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Data sheet

BMG160
16BIT, DIGITAL, TRIAXIAL +125°/S TO +2000°/S GYROSCOPE SENSOR
3MM X 3MM X 0.95MM LGA PACKAGE

Key features

3-axis integrated gyroscope

16 bit digital resolution

Switchable full-scale ranges: in total 5 ranges

VDD: 24 eee 36V/ VDD|Q: 12 36V

Interrupt engine

Low power consumption <5mA

Short start-up time of 30ms

Wake-up time in fast power-up mode only 10ms

Operating temperature: -40°C ... +85°C

I°’C and SPI interface (4-wire and 3-wire, SPI mode 0 and mode 3)
Low-pass filters

Fast and slow offset controller (FOC and SOC)

Small footprint 12 pin LGA package, 3mm x 3mm x 0.95mm
MSL level 1

RoHS compliant, halogen-free, Pb-free

Temperture Sensor

Typical applications

Cell-phones

Human machine interface devices
Gaming

Image stabilization

Gesture recognition

Indoor navigation

General Description

The BMG160 is a 3-axis angular rate sensor that is made of a surface micro machined sensing
element and an evaluation ASIC.

Both parts are packed into one single LGA 3.0mm x 3.0mm x 0.95mm housing.

The BMG160 is designed to meet requirements for consumer applications such as image
stabilization (DSC and camera-phone), gaming and pointing devices. It is capable to measure
angular rates in three perpendicular room dimensions, the x-, y- and z-axis, and to provide the
corresponding output signals. The BMG160 is fitted with digital bi-directional SPI and I°C
interfaces for optimum system integration.

The BMG160 offers a variable Vppo voltage range from 1.2V to 3.6V and can be programmed
to optimize functionality, performance and power consumption in customer specific applications.
In addition it features an on-chip interrupt controller enabling motion-based applications without
use of a microcontroller.

BST-BMG160-DS000-09 | Revision 1.2 | May 2014 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to
third parties. BOSCH and the symbol are registered trademarks of Robert Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice.



_ BMG160
@ BOSCH Data sheet Page 3

Index of Contents

1. SPECIFICATION 7
1.1 ELECTRICAL SPECIFICATION . ttuuttuuttunterneerneereeeseeseresesesesesesesesesesssesesesesssesssssessnsssssssssssnsssnssens 7
1.2 ELECTRICAL AND PHYSICAL CHARACTERISTICS, MEASUREMENT PERFORMANCE ....ccuuvvvvunernnnes 7

2. ABSOLUTE MAXIMUM RATINGS 11

2. ABSOLUTE MAXIMUM RATINGS 11

3. BLOCK DIAGRADM ......coteeeeeereeeeceerereecceresesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssases 12

4. FUNCTIONAL DESCRIPTION A3
4.1 SUPPLY VOLTAGE AND POWER MANAGEMENT «evuuteutietneereeneeeneeeneeneeenseesecesssenssenssenssenssenssens 13
.2 POWER MODES ..cuuutttuuiitiuettueeerueeeruteersneeesaeesseessunsessnssssuesesmssssssssessssesssesssnsssssnssssssssnnees 14

4.2.1 ADVANCED POWER-=SAVING MODES....cuuettttuueereuneeeeeaneseeesnsesersssessesssessesssesesassessesssesssssnnssssssnsssessns 15
£.3 SENSOR DATA tutttuetunteuneeuneerneeseessessesssessesssesssesssssssessesssesssesssesssesssesssesssenssensssnsssnsssnsssns 17
. 3. R ATE DAT A teeeeeeteeeeeeeeeereaeeeasaasenesnassnssnnsenssnsssnssnnsenssnsssnssnsssnssnsssnssnssenssnnsnnsenssenssnssnnssnsssnssnssnnsennes 17
4.3.2 TEMPERATURE SENSOR auvtttiveuveeeisiveeeesireeessssressssssseesssssssssssssssesssssssessssssesssssssessssssesssssssesssssssens 18
4.4 ANGULAR RATE READ OUT 1etvuueerneeeenneeernetrneeesneeesnesesuneessnesesnnsssssssesnssesssssssnssssssssnssssnnnes 18
D S ELF-TEST ttuttuuetunetuneeuneeuneeeneesneessessesssesnsesssesssesssesssesssesssesssesssesssesssesssesssenssensssnssensssnssens 18
4.6 OFFSET COMPENSATION tuuttuutrtnteteruertersertersesseesseesseesseesseessesseesssesssssssesssesssssssssssssnssses 19
4.6.1 SLOW COMPENSATION «eutunetneeutenetuetneensenesnestssnnsenesassessnsssnssnnssnssnsssssesssssnsssssssssnssnssnsssassnnsonns 19
4.6.2 FAST COMPENSATION . tutttetneueeneeurtneenesenesnstssnnsenesassassnsssnssnsssnssnsssnssesssnssnsssnssnsssnssnssnsssassnnsonns 19
4.6.3 MANUAL COMPENSATION tuuttueutenetuetneeneenesaestsennsenesassssnsssnssnnssssnsssnssesssssnssssssnsssnssnssnsssassnnsonns 20
A.6.4 INLINE CALIBRATION 1tuuttutunetneeuneenetustneensenesasssenssenssanssessnsssnssnsssnssnsssnssnsssnssnsssssssssnssnssnsssssnnssnns 20
4.7 NON-VOLATILE MEMORY 1tvuetuuetunrerneerneerneesneessessesseessesssesssesssesssesssesssesssesssenssenssenssenssenssens 21
4.8 INTERRUPT CONTROLLER tutttutttttrttrtnerttertertertersertesseesseessessessesssesssssssesssesssssssssssssnssses 22
4 8.1 GENERAL FEATURES ttuttuttttteetteteneeteeteeenesenesnessasennsenesnassessnnssnssnssssnnsenssnsssesennssnssnsssessnsssnssnssnasennse 22
4.8.2 MAPPING TO PHYSICAL INTERRUPT PINS (INTTYPE TO INT PIN#)ueuueeeeeeieeeieieeeeeeeeiieeeeeeeeeeeeeaessnannnnes 23
4.8.3 ELECTRICAL BEHAVIOUR (INT PIN# TO OPEN-DRIVE OR PUSH-=PULL) wevvvvrrreereerererererersssssseensssesssnsnnees 24
A 8.4 INEW DATA INTERRUP T e tuetteteeteteneeneetneenesenesnessesennsenesnessessnnssnesnssssnnssnssnsssssnnssnssnsssossnssssssesnesennse 24
4.8.5 ANY-MOTION DETECTION / INTERRUPT vvvvvvuererereerrerssessrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 25
4.8.0 HIGH "R ATE INTERRUPT ittt teetteeeeeteeneseesneseasensenssasssssnssssesssnssnsssssnssnnsenssssssassnnsenssnsssassnssenns 26

5. FIFO OPERATION 28
5.1 FIFO OPERATING IMIODES wuuivuiitniitniittirtnerterteesnerserseeserssessessssssessssssssssssssssssssssesssssnnees 28
5.2 FIFO DATA READOUT ttuttttettueiteitetteetetueessstsnsessessssssssssssssssssssssessssssssssssssstsssssssesssennses 29

5.2.1 EXTERNAL FIFO SYNCHRONIZATION (EFS) FOR THE GYROSCOPE wuvvteivvurreeierrreeessvreesssssseessssnsess 30
5.2.2 INTERFACE SPEED REQUIREMENTS FOR FIFO USE wuvttiivuttiiiieiiieiniieeeinireeeesssseesssssseesssssseessssssessns 31
5.2.3 FIFO FRAME COUNTER AND OVERRUN FLAG ...cccottttttiiirteeinirreeesisreesssseeesssssseesssssssessssssessssssessns 31
5.2.4 FIFO INTERRUPTS tettteuttetieiteeeiesseeesssssessssssseessssssesssssssesssssssesssssssssssssssesssssssssssssssesssssssessssssessns 32

BST-BMG160-DS000-09 | Revision 1.2 | May 2014 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to
third parties. BOSCH and the symbol are registered trademarks of Robert Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice.



@ BOSCH BMG160 Page 4

Data sheet

6. REGISTER DESCRIPTION 33
6.1 GENERAL REMARKS . .uvveeetreeeitreeeesteeeeseesasseesasseeessseesssssesssssesssssesssssessssessssssessssssssssssssnsens 33
5.2 REGISTER MAP «.iiiiieiieeeeeeeeeeeeeeeeeeeeeeeeeeee et e e e e e e e e e e eeeeeeeeeeeeeeeeeeeseasasaesaassessansaseesasaesaneasansaneens 34
REGISTER OX00 (CHIP _ID) .utiirrreeeeeeeeeeeiirreeeeeeeeeeeearrreeeeeeeeeeeessssssseeeeesesssssssssssseesseessssnnnns 35
REGISTER OXOL1 IS RESERVED ..ccevttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemeemeeeemeeeetememmmemmememmemmmmmmmmmmmmmmmm 35
REGISTER OX02 (RATE _X _LSB) euttitieiiiieeciiiteeeeeeeeeectrreeeeeeeeeeeetrrrreeeeeeeeeesssssseseesesesennnnns 35
REGISTER OX03 (RATE_X_IMSB) ceeetieiiiieeciiiieeeeeeeeeecirtteeeeeeeeeensasseeeeeesesennssasessessensnnnnnnns 36
REGISTER OX04 (RATE_Y _LSB) eutttttiiiiieeeirrieieeeeeeeeeeiirreeeeeeeeeeesesnssseeeeeesesessssssseseesssessnsnnnns 36
REGISTER OX05 (RATE_Y _IMSB) ceeiiiiiieeeeciiiieeeee e e eeecitttteeee e e e e ensaseseeeeesesennssssseaessssssnnnnnnns 37
REGISTER OX06 (RATE _Z LSB) wuettiieiiiieeiirieeeeeeeeeeeeeirreeeeeeeeeeeeessssesseeeesessssssssssessesssessnnnnns 37
REGISTER OX07 (RATE_Z_MSB) ..eiiiiiieeeeieiiieeee e e eeeccietteee e e e e e eeenraaeeeeeeeseeennsssaaeesessesennnnnns 38
REGISTER OX08 (TEMP) «..evtiiiiiieeiteeeiiee et e et e esteeesteeesaeeesaaeessaaeessaaeessssaessssaesnssaeessssaesnns 39
REGISTER OX09 (INT_STATUS _0) .eieiiiiieeciiiieeeeeeeeeeciittreeeeeeeeeenraaeeeeeeeeesennsssseseessssssnnnnnns 40
REGISTER OXOA (INT_STATUS 1) ciiiiiiiiiiieiieee e eeecrreeeeee e eeeenrreeeeee e e e e e nnsasseeeeeeeeennnnnns 40
REGISTER OXOB (INT_STATUS _2) ciiiiiiitieeeee e eeeerrteee e e e e e eeenrareeeeee e s e s nnssssesesessssnnnnnnns 41
REGISTER OXOC (INT _STATUS 3) ciiiiiiieeeiriieieeeeeeeeeitrreeeeeeeeeeeensssseeeeeeeeessssssssesseeseesennnnns 41
REGISTER OXOD IS RESERVED...cctttttttteeeeeeereeeeeeeeeeeeeeeeeeeeeeeeemeeemeemeemmmmemeeemmemmmmmemmmmemmmmmmmmmmmmmmm 42
REGISTER OXOE (FIFO _STATUS) coeeeteteeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeesesssesssssesssessssssssssassssssrsseeee.. 42
REGISTER OXOF (RANGE) ... oeeieiieeteeee ettt ettt e e e e e et e tsassssssseseessssasassssssssssssnnns 43
REGISTER OX10 (BW) ..ettiiiiiiiieeiieee ettt ettt e sttt e e sttt e e st e e e s ate e e e ssasbeeessnsaeeesssnsaeaenns 44
REGISTER OXIL (LPIML) weeeeeiiiieiiitteeeeee e eeeeettieee e e e eeeeevsaaassessseeeeessssasssssssssssessssnsnsssssssssssssnns 45
REGISTER OX12 (LPM2) .ttt ettt ettt e sttt e e st e e e st e e e s st e e e s asaeeesssnnaaaenns 46
REGISTER OX13 (RATE_HBW) ..uuiiiiiieeee ettt e eeetteeee e e e e e e nnasesee e e s e e e nnsasasaeeessnnnnnnnnns 47
REGISTER OX14 (BGW _SOFTRESET) cciittttiiiiiiiieiieieieeeeeeeeeeeeeeeeeeeeeeeessseseessssssssssssssssssssssse... a7
REGISTER OX15 (INT_EN_0) c.uuuuriiiieeeeieeeeiiiriieeeeeeeeeeeenrreeeeeeeeeeeenssssseseeeesesssnsssssssseesssnsnssnnnns 48
REGISTER OX16 (INT_EN_1) cuueuiiiiiiieieiieicciieeee e e e e eeeenttteeeeeeeeseneaaaseeeeessssnnsnsnseeeesesssssnnnnnns 48
REGISTER OX17 (INT_IMAP _0) ceurtiiiieeeeeeeeccitieeeeeeeeeeceirteeeeeeeeeeeennssssseeeeeseesnsssssssseesssnsnnnnnnns 49
REGISTER OX18 (INT_MAP _1) ceeeiiiiieieieeeeciiteeeee e eeetrtee e e e e e e eetvaaeeeee e e e e e aasaaaaeeeessennnnnnnns 49
REGISTER OX19 (INT _IMAP _2) ceeeteiiieeeeeeeecitteeee e e e eeeeirtteeeee e e e e ensasseeeeeeeeeennsssssssaeasssessnnnnns 50
REGISTER OXLA .. ceiiiiiiiiitiittittttttttettteeetttettteeeeeeeeteeeeeetteeeeeeeeeeaeeaeetttteetettttteeetteteatereaeeeaeeeeeeeann 50
REGISTER OXLB .cceiiiiiiiiiitiiiiieeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeemeeemeeemeeeeetemtemmeeeetemmemmmmmmm 51
REGISTER OXLC.ciiiiiiiiiiiiiiiiiiiiitieeeeteeeeetteeeteeeeeeeeeteeeeeeteeeeeeeeeteeeeeeeeaeeeeetteteeteteememmemmmmeemmeeeeeeene 51
REGISTER OX1D IS RESERVED. ..uueeecuteeeeureeeeureeaaueesaseeesssseesssseesssssesssssssssssssssssesssssessssssssssssesnns 52
REGISTER OXLE .cceeiiiiiiiiiiiiiiiiiitieeeeeeeeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeetaeeeeetereemeeeeemeeremmemeeemeremeemnn 52
REGISTERS OX1F TO 0X20 ARE RESERVED....cccccuteeerreeerreeessreeessseesssseesssssesssssesssssessssseesssssesnns 52

BST-BMG160-DS000-09 | Revision 1.2 | May 2014 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to
third parties. BOSCH and the symbol are registered trademarks of Robert Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice.



_ BMG160
@ BOSCH Data sheet Page 5

REGISTER OX21 (INT_RST_LATCH) ciiiiitteeeeee ettt e e e e e eeievrre e e e e e e e e nnsaaaeeeee s e e s nnnnns 53
REGISTER OX22 (HIGH_TH_X)uuuuurrreeeeeeeeeeeiirreeeeeeeeeeeeesssseseeeeeeesesssssssssseseeseessssssssssssesssenssnnnns 54
REGISTER OX23 (HIGH_DUR_X) wuvtteteeeeeieeeiiriieeeeeeeeeeeeiusseeeeeeeessssensssssssessesssssssssssesesssssssnnnnnns 55
REGISTER OX24 (HIGH _TH_Y) uuuuttttieeeeeeeeeeiirreeeeeeeeeeeeeissreseeeeeeeeesesssssssseseseesssssssssseesssenssnnnns 55
REGISTER OX25 (HIGH_DUR_Y) wuttttiieeiieeeciiiiieeeeeeeeeeeeevtteeeeeeeeesenssssseseeeesessnnnsssssessessasssnnnnnns 56
REGISTER OX26 (HIGH _TH_Z) uuuturreeeeeeeeeeeiierreeeeeeeeeeeeeissseeeeeeeeesesesssssssseseesessssssssssssessssesssnnnns 56
REGISTER OX27 (HIGH_DUR_Z) wuttttieieiieeeciiiieeeeeeeeeeeccittteeeeeeeeeeensssssseeeeesssnnssssssesesssasssnnnnnns 57
REGISTERS 0X28 TO OX30 ARE RESERVED....cccesiuterrreeenrreesiureessuneesssseessseesssssesssssesssssessssaesns 57
REGISTER OX31 (SOC) euuuuiieiiiiiiiiitieeeeeeeeeeettiteeeeeeeeeeeessssassssssssssssssssssssssssssesssmnnssssssssssssnnns 57
REGISTER OX32 (A _FOC) iiieiiierieeieeeeeeeecittteeeeeeeeeeentrseeeeeeeeeeesssssssseeeeeseessnsssssseseesesesnnsnnnns 58
REGISTER OX33 (TRIM_NVM _CTRL) ceeeeeecettieeeeeeeeeecttteeee e e e eeectevree e e e e e s e eennsaseeeeeeesesennnnns 59
REGISTER OX34 (BGW _SPI3 _WDT) ceeiiieeciriiiieeeeeeeeeiirreeeeeeeeeeeennsrseeeeeeeeeeeesnssssesseessesssnnnns 60
REGISTER OX35 IS RESERVED ..cetttteeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemeeemmmeeeemmeemmeememmmmemmmmmmmmmmmmmmmne 60
REGISTER OX36 (OF C1) ceiuiiiiiiiiiiiiieeiiteeiieeeeieeesieeestte e st e e saaeessaeessasaessasaeesasaessssaeessssaesnns 61
REGISTER OX37 (OF C2) auuieiieiieiitiieeeeeeeeeeeetiieeeeeeeeeeeeessaassssssessesssssssssssssssssesssmnssssssssssssssnnns 62
REGISTER OX38 (OF C3) c.uutiieeiieieiieeiiieesiteeseteessteeesteeestseesaaeessaseessasaessssaessssaessssaesssssaesnns 63
REGISTER OX39 (OF CA) et eeeeeeetteeee e e e e e eeetaaaessssseseeessssssssssssssssssssnnsssssssssssssssnns 64
REGISTER OX3A (TRIM _GPO) ..cevveieieeieieieeieeeeeeeeeeeeeeeeeseeseeessesesessesssssesssereessssrsressssssssssssrsrere.. 64
REGISTER OX3B (TRIM _GP1) ..eueiiiiiieeeeeeetteeee ettt e e e e e eetraee e e e e e e e e e ansasaeeeeesee e nnnnnns 65
REGISTER OX3C (BIST) ceieiieitiieiiteeeeeette ettt e sttt e sttt e e st e e e sttt e e e ssasteeessaasaeeesssnnaaeenns 65
REGISTER OX3D (FIFO_CONFIG_0) ceeeeieiitiiieeeeeeeeecieteeeeeeeeeeeenraaeseeeeeeesennsssssesesesesnnnnnnns 66
REGISTER OX3E (FIFO _CONFIG _1) coiieiieiiiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeesssssessseseessesssssssssssssssssssseeeee. 67
REGISTER OX3F (FIFO _DATA) .ettttiieeeeeeeeccttteeeeeeeeeeeeirreeeeeeeeeesessssssseeeesesesnsssssssasesssnsannnnnns 68
. DIGITAL INTERFACES......ciittttnrnnniiccisssscsssrnnssescsssosssssesssssssssssssssssssssssssssssssssessassssssssssssssasnssss 69
7.1 SERIAL PERIPHERAL INTERFACE (SPI) auueieiiiiiiiiiieeeeeeeeettiiieeeeeeeeeettasaseesssesesessnnnssssssssees 70
7.2 INTER-INTEGRATED CIRCUIT (I2C) .etteteuititieeiieeeeeiieeeeeiteeeesireeessirteeesssreeessasnaeessnnnaas 74
7.2.1 SPIAND I2C ACCESS RESTRICTIONS cettuuueeeeeeeerrttunneeeeeeeerrssnnaeeeesssssssnnnesesesssssssnnssesessssssssnnsasssssssees 77

. PIN-OUT AND CONNECTION DIAGRAM ....uuuueiiiiiiiiiiicsssnnnsssiccsssssssssssssssssssssssssssssssssessssssssens 78
8L PIN-OUT ceiiiiiiiiiiitttittttiteeeeetetttttteteeeeeeteeeeeeeeeeee et e ettt ette ettt ettt et e et aae e et aeetteaeeeaeeeeeeeeeeaeeseeeseasee 78
8.2 CONNECTION DIAGRAM 4-WIRE SPl ..cciiiiiiiiiiiiiiiiiiiiiiiiieiieeieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemeeeeeeee 79
8.3 CONNECTION DIAGRAM 3-WIRE SP1 .ccciiiiiiiiiiiiiiiiiiiiiiititetiieeeieeeeeeeeeeeeeeeeeeeeeeeeeemeeeeemeeeeeeeeeeee 80
8.4 CONNECTION DIAGRAM ICa.oeeeeeeee ettt sttt s s s sesenns 80
BST-BMG160-DS000-09 | Revision 1.2 | May 2014 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to
third parties. BOSCH and the symbol are registered trademarks of Robert Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice.



_ BMG160
@ BOSCH Data sheet Page 6

9. PACKAGE 81
9.1 OUTLINE DIMENSIONS ..tteeeieuvreeeeaeurreeeeeesreeeasssseesesssseessssssssessssssssessssssssessssssssessssssssesssnnes 81
9.2 SENSING AXES ORIENTATION teteeteeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeaaeaeaeaasaaseasaaaasaeaaaseaseassanaaaaens 82
9.3 LANDING PATTERN RECOMMENDATION ...uvvveeeeeuireeeeeiuereeesauraeeesassseessssssssessssssssesssssssessannns 83
U4 IMARKING eieeeeeeeeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeaaaaeaaeaasaaaasaseasasaasassasseasassessssesaessssssassaneens 84

9.4.1 MASS PRODUCTION SAMPLES ...eeeettttuuueeeeeeeereesnnneeeeesssssssnneeeeesssssssssnnsesessssssssssseessssssssssnnsessessssses 84
9.4.2 ENGINEERING SAMPLES .evvttuueeeeeeererusnneeeeeeeesssssnneeeseessssssssseeessssssssssnnsesesssssssssnnsssssssssssssnsesssssssses 84
9.5 SOLDERING GUIDELINES ..eeceuvtreeeeeutreeeeaeereeeasessreesesssssesesasssssessssssssessssssssessssssssessssssssessnnnes 85
9.6 HANDLING INSTRUCTIONS .ccetetteeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeasaaeaaaaaaeaaaaasaasassasasassasssaaasasaananns 86
9.7 TAPE AND REEL SPECIFICATION eieuuttteruteeesureeesreeesiueeesssseesssseesssseessssesssssessssssessssseessssesssnees 87
9.7.1 ORIENTATION WITHIN THE REEL t1etetteteiierereeeeeeeeeeeeeeeeeeeeeeeeeeeeeesessessesssssssssssssssssssessssssssssssssssssssssssens 88
9.7.2 ENVIRONMENTAL SAFETY tttuueeteteeetturuneeeeeeerssssnnaseseesssssssnnnesessesssssssnsesessssssssnnsesesssssssssnnassssssssssnns 89
O0.7.3 HALOGEN CONTENT 1tttttttttuueeeeeeeeretetueeeeeeeessssssnnseseesssssssnnnesessssssssssnnsessssssssssnnnesesssssssssnnssssessssssnnn 89
9.7.4 INTERNAL PACKAGE STRUCTURE eettttiiieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseseaeeeaeseseseseseseeeseeeaeeens 89

10. LEGAL DISCLAIMER ......cccoittnnmunniiiccissssssssnnsssecssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssss 20
10.1 ENGINEERING SAMPLES ..eeeeuvteeeiieeenieeenreeesuteesssseessseessseessseesssssesssseessssessssssesssssessssseens 90
10.2 PRODUCT USE 1uuuiieiieieiieeeieiieeeeeeeeseeseseeeaasessaaassssssssssssssssssassssssssssssssssssssssssssssssssssssassssanns 90
10.3 APPLICATION EXAMPLES AND HINTS 1eiiiieiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeseeeeeeeesesseesesssssssssssasaassseeens 90

11. DOCUMENT HISTORY AND MODIFICATION .....cccvnneeriiiccsscsssssannnssccsssssssssssssssssssssssssssassans 21

BST-BMG160-DS000-09 | Revision 1.2 | May 2014 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to
third parties. BOSCH and the symbol are registered trademarks of Robert Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice.



@ BOSCH BMG160 Page 7

Data sheet

1. Specification

If not stated otherwise, the given values are over lifetime and full performance temperature and
voltage ranges, minimum/maximum values are +3c.

1.1 Electrical specification
Table 1: Electrical parameter specification

GYROSCOPE OPERATING CONDITIONS

Parameter Symbol Condition Min Typ Max Unit
Supply Voltage
Internal Domains Voo = S £l v
Supply Voltage
110 Demshs Vbbio 1.2 2.4 3.6 v
Voltage Input ) i
Low Level V||_ SP| & I’C 0-3VDDIO
Vfl'itgahgel_écgft Vin SPI & I2C 0.7Vooi0 .
Voltage Output Vopio = 1.2V i
Low Level Vo |0 =3mA, SPI& IC 0.23Vbpi0
Voltage Output vV Vopio = 1.2V 0.8V i
High Level OH low=3mA, SPI "2 ¥ pDio

1.2 Electrical and physical characteristics, measurement performance
Table 2: Electrical characteristics

GYROSCOPE OPERATING CONDITIONS

Parameter Symbol Condition Min Typ Max Unit
Res12s 125 °/s
Rrs2s0 250 °/s
Selectable
Range Resso00 via serial digital 500 °/s
interface
Rrs1000 1,000 °/s
Res2000 2,000 °/s
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Supply Current in 1
Normal Mode loo see £ A
Supply Current
in Fast Power-  lopfom see' 2.5 mA
up Mode
in Suspend - | oeur analog 25 HA
Mode (only IF active)
Supply Current
in Deep 1
Suspend - oD See < HA
Mode
to +19s of final
Start-up time teu value; 30 ms
from power-off
From suspend- and
Wake-up time twusm deep suspend- 30 ms
modes
. From fast power-u
Wake-up time et moge P 10 ms
Non-volatile
memory (NVM) NnvM 15 cycles
write-cycles
Tgrﬁre):earg?fre T full performance -40 +85 °C
Ta=25°C, Rrsao00 16.4 LSB/O/S
Ta=25°C, RFSlOOO 32.8 LSB/O/S
Sensitivity Ta=25°C, Resso0 65.6 LSB/°/s
Ta=25°C, Rrsaso 131.2 LSB/°/s
Ta=25°C, Rrsizs 262.4 LSB/°/s
Sensitivity Ao o
tolerance Ta=25°C, Resz000 *1 %
Sensitivity Nominal Vpp supplies
Change over TCS -40°C < T < +85°C +0.03 %/K
Temperature RFs2000

! Conditions of current consumption if not specified otherwise: TA=25°C, BW_Gyro=1kHz,
VDD=2.4V, VDDIO=1.8V, digital protocol on, no streaming data
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; ) best fit straight line
Nonlinearity NL +0.05 %FS

I:QFSIOOO, RFSZOOO

Sensitivity to
) - acceleration stimuli o
g- Sensitivity in all three axis 0.1 /slg
(frequency <20kHz)
Nominal Vpp supplies
- T =25°C,
s | o] ”
yand=%z  Slow and fast offset
cancellation off
Zero-Q Offset Nominal Vpp supplies
Change over TCO “40°C < T < +85°C +0.015 °/s per K
Temperature RFs2000
) rms, BW=47Hz
Output Noise L 0.1 °/s
(@ 0.014°/s/vHz)
unfiltered
230
116
. f 64
Bandwidth BW . 47 Hz
32
23
12
2000
Data rate 1000
(set of x,y,z 400 Hz
rate) 200
100
Data rate
tolerance(set of +0.3 %
X,y,Z rate)
Cross Axis Sepsmwty to stimuli . y
Sensitivity In non-sense- - °
direction
Temperature
Sensor i o
Measurement Ts & = e
Range
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Temperature dT 05 K/LSB
Sensor Slope S .

Temperature OTs 543 K

Sensor Offset
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2. Absolute maximum ratings

Table 3: Absolute maximum ratings

Parameter Condition Min Max Units
Voltage at Supply Pin Voo Pin -0.3 4.25 V
(< 15) VDDIO Pin -0.3 4.25 Vv
Voltage at any Logic Pin Non-Supply Pin -0.3 Vbopio+0.3 Vv
Passive Storage Temp. Range < 65% rel. H. -50 +150 °C
None-volatile memory (NVM) T = 85°C
: f 10 y
Data Retention after 15 cycles
Duration < 200us 10,000 g
Mechanical Shock Duration < 1.0ms 2,000 g
Free fall 18 m
onto hard surfaces :
HBM, at any Pin 2 kV
ESD CDM 500
MM 200

Note:
Stress above these limits may cause damage to the device. Exceeding the specified electrical

limits may affect the device reliability or cause malfunction.
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3. Block diagram

Figure 1 shows the basic building blocks of the BMG160:

Serial
Ie]
Ports

oy AfD
Signal
- AID Conditioning interface
MEMS E APD
Sensor
‘ cv AID CLK-GEN Clocking
| &
Timing-Ctrl
t | Drive AMPL-Ctrl
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4. Functional description

Note: Default values for registers can be found in chapter 6.

4.1 Supply voltage and power management

The BMG160 has two distinct power supply pins:
* Vpp is the main power supply for the internal blocks;
* Vppio is a separate power supply pin mainly used for the supply of the interface

There are no limitations on the voltage levels of both pins relative to each other, as long as
each of them lies within its operating range. Furthermore, the device can be completely
switched off (Vpp = 0V) while keeping the Vppio supply on (Vppio > 0V) or vice versa.

When the Vppio supply is switched off, all interface pins (CSB, SDI, SCK, PS) must be kept
close to GND,p potential.

The device contains a power-on reset (POR) generator. It resets the logic part and the register
values after powering-on Vpp and Vppo. Please note, that all application specific settings which
are not equal to the default settings (refer to 6.2 register map), must be re-set to their
designated values after POR.

In case the I2C interface shall be used, a direct electrical connection between Vppio supply and
the PS pin is needed in order to ensure reliable protocol selection. For SPI interface mode the
PS pin must be directly connected to GNDo.
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4.2 Power modes

The BMG160 has 4 different power modes. Besides normal mode, which represents the fully
operational state of the device, there are 3 energy saving modes: deep-suspend mode,

suspend mode, and fast

suspend=0
OR
Softreset=0xB§

power up

2) suspend=1

Fast

Power Up
Mode

deep_suspend=1

1) fast_powerup=1

1) fast_powerup=0
2) suspend=1

Suspend
Mode

Softreset=0xB6

deep_suspend=0
OR

Softreset=0xB6

deep_suspend=1

Deep
Suspend
Mode

deep_suspend=1

Figure 2: Block diagram of the power modes of BMG160

After power-up BMG160 is in normal mode so that all parts of the device are held powered-up
and data acquisition is performed continuously.
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In deep-suspend mode the device reaches the lowest possible power consumption. Only the
interface section is kept alive. No data acquisition is performed and the content of the
configuration registers is lost. Deep suspend mode is entered (left) by writing ‘1’ (‘0’) to the
(0x11) deep_suspend bit. The I’C watchdog timer remains functional. The (0x11) deep_
suspend bit, the (0x34) spi3 bit, (0x34) i2c_wdt_en bit and the (0x34) i2c_wdt_sel bit are
functional in deep-suspend mode. Equally the interrupt level and driver configuration registers
(0x20) int1_Ivl, (0x20) intl_od, (0x20) int2_Ivl, and (0x20) int2_od are accessible. Still it is
possible to enter normal mode by writing to the (0x14) softreset register. Please note, that all
application specific settings which are not equal to the default settings (refer to 6.2 register
map), must be re-set to its designated values after leaving deep-suspend mode.

In suspend mode the whole analog part is powered down. No data acquisition is performed.
While in suspend mode the latest rate data and the content of all configuration registers are
kept. The only supported operations are reading registers as well as writing to the (0x14)
softreset register.

Suspend mode is entered (left) by writing ‘1" ('0°) to the (0x11) suspend bit. Bit (0x12)
fast_power_up must be set to ‘0’.

Although write access to registers is supported at the full interface clock speed (SCL or SCK), a
waiting period must be inserted between two consecutive write cycles (please refer also to
section 7.2.1).

In external wake-up mode, when the device is in deep suspend mode or suspend mode, it
can be woken-up by external trigger to Pin INT1/2. Register settings:

Table 4
ext_trig_sel<1:0> Trigger source
‘00’ No
‘01’ INT1 pin
‘10’ INT2 pin
‘11’ SDO pin (SPI3 mode)

In fast power-up mode the sensing analog part is powered down, while the drive and the
digital part remains operational. No data acquisition is performed. Reading and writing registers
as well as writing to the (0x14) softreset register are supported without any restrictions. The
latest rate data and the content of all configuration registers are kept. Fast power-up mode is
entered (left) by writing '1” ('0’) to the (0x11) suspend bit with bit (0x12) fast_power_up set to
‘17.

4.2.1 Advanced power-saving modes

In addition to the power modes described in Figure 2, there are other advanced power modes
that can be used to optimize the power consumption of the BMG160.

The power_save_mode is set by setting power_save_mode="1" (reg 0x12). This power mode
implements a duty cycle and change between normal mode and fast-power-up mode. By
setting the sleep_dur (time in ms in fast-power-up mode) (0x11 bits <1:3>) and auto_sleep_dur
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(time in ms in normal mode) (0x12 bits <0:2>) different timings can be used. Some of these
settings allow the sensor to consume less than 3mA. See also diagram below:
autosleep autosleep autosleep autosleep autosleep

ifmA] * powerup % % % %

NORMAL | i L i Lo 1 | i i 3 |
EREEd S N R R
Up
sleep sleep sleep sleep
dur dur dur dur
OFF t

Figure 3: Duty-cycling

The possible configuration for the autosleep_dur and sleep_dur are indicated in the table below:

Table 5
sleep_dur<2:0> Time (ms)
‘000’ 2 ms
‘001’ 4 ms
‘010° 5ms
‘0171’ 8 ms
‘100° 10 ms
‘101’ 15 ms
‘110’ 18 ms
‘117 20 ms
Table 6
autosleep_dur<2:0> Time (ms)
‘000’ Not allowed
‘001’ 4 ms
‘010’ 5ms
‘0171’ 8 ms
‘100° 10 ms
‘101’ 15 ms
‘110° 20 ms
‘111 40 ms

The only restriction for the use of the power save mode comes from the configuration of the
digital filter bandwidth (reg 0x10). For each Bandwidth configuration, a minimum autlosleep_dur
must be ensured. For example, for Bandwidth=47Hz, the minimum autosleep_dur is 5ms. This
is specified in the table below. For sleep_dur there is no restriction.
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Table 7
bw<3:0> Bandwidth (Hz2) Mini Autosleep_dur (ms)
‘0111’ 32 Hz 20 ms
‘0110° 64 Hz 10 ms
‘0101’ 12 Hz 20 ms
‘0100’ 23 Hz 10 ms
‘0011’ 47 Hz 5ms
‘0010’ 116 Hz 4 ms
‘00071’ 230 Hz 4 ms
‘0000’ Unfiltered (523H2) 4 ms

4.3 Sensor data

4.3.1 Rate data

The angular rate data can be read-out through addresses 0x02 through 0x07. The angular rate
data is in 2’s complement form according to Table 8 below. In order to not corrupt the angular
rate data, the LSB should always be read out first. Once the LSB of the x,y, or z read-out
registers have been read, the MSBs are locked until the MSBs are read out.

This default behavior can be switched off by setting the address 0x13 bit 6 (shadow_dis) = ‘1’.
In this case there is no MSB locking, and the data is updated between each read.

The burst-access mechanism provides an efficient way to read out the angular rate data in I°C
or SPI mode. During a burst-access, the BMG160 automatically increments the starting read
address after each byte. Any address in the user space can be used as a starting address.
When the address (0x3F — fifo_data) is reached, the address counter is stopped. In the user
space address range, the Ox3F - fifo_data will be continuously read out until burst read ends.
It is also possible to start directly with address 0x3F. In this case, the fifo_data (0x3F) data will
be read out continuously. The burst-access allows data to be transferred over the I1°C bus with
an up to 50% reduced data density. The angular rate data in all read-out registers is locked as
long as the burst read access is active. Reading the chip angular rate registers in burst read
access mode ensures that the angular rate values in all readout registers belong to the same
sample.

Table 8: Gyroscope Register Content for 16bit mode

Decimal value Angular rate (in 2000°/s range mode)
+32767 +2000%s
0 0°/s
-32767 - 2000°/s

Per default, the bandwidth of the data being read-out is limited by the internal low-pass filters
according to the filter configuration. Unfiltered (high-bandwidth) data can be read out through
the serial interface when the data_high_bw (0x13 bit 7) is set to ‘1’.
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4.3.2 Temperature sensor

The width of temperature data is 8 bits given in two’s complement representation. Temperature
values are available in the (0x08) temp register.

The slope of the temperature sensor is 0.5K/LSB, its center temperature is 23°C [(0x08) temp =
0x00].

4.4 Angular rate read-out

Bandwidth configuration: The BMG160 processes the 2 kHz data out of the analog front end
with a CIC/Decimation filter, followed by an IIR filter before sending this data to the interrupt
handler. The possible decimation factors are 2, 5, 10 and 20. It is also possible to bypass
these filters, and use the unfiltered 2 kHz data. The decimation factor / bandwidth of the filter
can be set by setting the address space 0x10 bits<3:0> (bw<3:0>) as shown in the memory
map section.

4.5 Self-test

A built-in self test (BIST) facility has been implemented which provides a quick way to
determine if the device is operational within the specified conditions.

The BIST uses three parameters for evaluation of proper device operation:
- Drive voltage regulator
- Sense frontend offset regulator of x-,y- and z-channel
- Quad regulator for x-,y- and z-channel

If any of the three parameters is not within the limits the BIST result will be “Fail”.
To trigger the BIST 'bit0” bite_trig in address 0x3C must be set *1°. When the test is performed,

bitl bist_rdy will be "1". If the result is failed the bit bist_failed will be set to "1, otherwise stay a
0.

bite_trig
0x3C="1"

| |

bist_failed = "1° bist_failed = "0’
- Result: Failure - Result: OK

Figure 4: Flow Diagram

Another possibility to get information about the sensor status is to read out rate_ok 0x3C bit4.
1" indicates proper sensor function, no trigger is needed for this.
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4.6 Offset compensation

Offsets in measured signals can have several causes but they are always unwanted and
disturbing in many cases. Therefore, the BMG160 offers an advanced set of four digital offset
compensation methods which are closely matched to each other. These are slow, fast, and
manual compensation as well as inline calibration.

The compensation is performed with filtered data, and is then applied to both, unfiltered and
filtered data. If necessary the result of this computation is saturated to prevent any overflow
errors (the smallest or biggest possible value is set, depending on the sign). However, the
registers used to read and write compensation values have a width of 8 bits.

The public offset compensation registers (0x36) to (0x39) are image of the corresponding
registers in the NVM. With each image update (see section 4.6 Non-volatile memory for details)
the contents of the NVM registers are written to the public registers. The public register can be
over-written by the user at any time.

In case an internally computed compensation value is too small or too large to fit into the
corresponding register, it is saturated in order to prevent an overflow error.

For every axes an offset up to 125°s with 12 bits full resolution can be calibrated
(resolution 0.06°/s).

The modes will be controlled using SPI/I2C commands.

By writing ‘1" to the (0x21) offset reset bit, all dynamic (fast & slow) offset compensation
registers are reset to zero.

4.6.1 Slow compensation

In slow regulation mode, the rate data is monitored permanently. If the rate data is above 0°/s
for a certain period of time, an adjustable rate is subtracted by the offset controller. This
procedure of monitoring the rate data and subtracting of the adjustable rate at a time is
repeated continuously. Thus, the output of the offset converges to 0°/s.

The slow regulation can be enabled through the slow_offset_en_x/y/z (0x31 <0:2>) bits for each
axis. The slow offset cancellation will work for filtered and unfiltered data (slow_offset_unfilt
(Ox1A <5>); slow_offset_unfilt=1 = unfiltered data are selected)

Slow Offset cancellation settings are the adjustable rate (slow offset_th 0x31 <7:6>) and the
time period ( slow_offset_dur 0x31 <5:3>)

4.6.2 Fast compensation

A fast offset cancellation controller is implemented in BMG160. The fast offset cancellation
process is triggerable via SPI/I2C.

The fast offset cancellation can be enabled through the fast_offset_en_x/y/z (0x32 <0:2>) bits
for each axis. The enable bits will not start the fast offset cancellation! The fast offset
cancellation has to be started by setting the fast_offset_en (0x32 <3>) bit. Afterwards the
algorithm will start and if the algorithm is finished the fast_offset_en (0x32 <3>) will be reset to
0.
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The fast offset cancellation will work for filtered and unfiltered data (fast_offset_unfilt (0x1B
<7>); fast_offset_unfilt=1 - unfiltered data are selected)
The fast offset cancellation parameters are fast_offset_wordlength (0x32 <5:4>)

The sample rate for the fast offset cancellation corresponds to the sample rate of the selected
bandwidth. For unfiltered data and bandwidth settings 0-2 the sample rate for the fast offset
cancellation will be 400Hz.

The resolution of the calculated offset values for the fast offset compensation depends on the,
range setting being less accurate for higher range (e.g. range=2000°s).Therefore we
recommend a range setting of range=125°/s for fast offset compensation.

4.6.3 Manual compensation

The contents of the public compensation registers (0x36 ... 0x39) offset x/y/z can be set
manually via the digital interface. It is recommended to write into these registers directly after a
new data interrupt has occurred in order not to disturb running offset computations.

Writing to the offset compensation registers is not allowed while the fast compensation
procedure is running.

4.6.4 Inline calibration

For certain applications, it is often desirable to calibrate the offset once and to store the
compensation values permanently. This can be achieved by using one of the aforementioned
offset compensation methods to determine the proper compensation values and then storing
these values permanently in the NVM. See section 4.7 Non-volatile memory for details of the
storing procedure.

Each time the device is reset, the compensation values are loaded from the non-volatile
memory into the image registers and used for offset compensation until they are possibly
overwritten using one of the other compensation methods.

BST-BMG160-DS000-09 | Revision 1.2 | May 2014 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to
third parties. BOSCH and the symbol are registered trademarks of Robert Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice.



- BMG160
@ BOSCH Data sheet Page 21

4.7 Non-volatile memory

The entire memory of the BMG160 consists of three different kinds of registers: hard-wired,
volatile, and non-volatile. Part of it can be both read and written by the user. Access to non-
volatile memory is only possible through (volatile) image registers.

Altogether, there are eight registers (octets) with NVM backup which are accessible by the user.
The addresses of the image registers range from 0x36 to 0x3B. While the addresses up to 0x39
are used for offset compensation (see 4.4 Offset Compensation), addresses 0x3A and 0x3B
are general purpose registers not linked to any sensor-specific functionality.

The content of the NVM is loaded to the image registers after a reset (either POR or softreset)
or after a user request which is performed by writing 1" to the write-only bit (0x33) nvm_load.
As long as the image update is in progress, bit (0x33) nvm_rdy is ‘0’, otherwise itis "1°.

In order to read out the correct values (after NVM loading) waiting time is min. 1ms.

The image registers can be read and written like any other register.

Writing to the NVM is a three-step procedure:
1. Write the new contents to the image registers.
2. Write "1 to bit (0x33) nvm_prog_mode in order to unlock the NVM.
3. Write 1" to bit (0x33) nvm_prog_trig and keep 1" in bit (0x33) nvm_prog_mode in order
to trigger the write process.

Writing to the NVM always renews the entire NVM contents. It is possible to check the write
status by reading bit (0x33) nvm_rdy. While (0x33) nvm_rdy = ‘0, the write process is still in
progress; if (0x33) nvm_rdy = "1’, then writing is completed. As long as the write process is
ongoing, no change of power mode and image registers is allowed. Also, the NVM write cycle
must not be initiated while image registers are updated, in suspend mode.

Please note that the number of permitted NVM write-cycles is limited as specified in Table 2.
The number of remaining write-cycles can be obtained by reading bits (0x33) nvm_remain.
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4.8 Interrupt controller

The BMG160 is equipped with 3 programmable interrupt engines. Each interrupt can be
independently enabled and configured. If the trigger condition of an enabled interrupt is fulfilled,
the corresponding status bit is set to "1 and the selected interrupt pin is activated. The BMG160
provides two interrupt pins, INT1 and INT2; interrupts can be freely mapped to any of these
pins. The state of a specific interrupt pin is derived from a logic “or’ combination of all interrupts
mapped to it.

The interrupt status registers are updated when a new data word is written into the rate data
registers. If an interrupt is disabled, all active status bits associated with it are immediately
reset.

Gyro Interrupts are fully functional in normal mode, only. Interrupts are limited in their
functionality in other operation modes. Please contact our technical support for further
assistance.

4.8.1 General features

An interrupt is cleared depending on the selected interrupt mode, which is common to all
interrupts. There are three different interrupt modes: non-latched, latched, and temporary. The
mode is selected by the (0x21) latch_int bits according to Table 9.

Table 9: Interrupt mode selection

Ia(g:);wz_iiiw ¢ Interrupt mode
0000b non-latched
0001b temporary, 250ms
0010b temporary, 500ms
0011b temporary, 1s
0100b temporary, 2s
0101b temporary, 4s
0110b temporary, 8s
0111b latched
1000b non-latched
1001b temporary, 250us
1010b temporary, 500us
1011b temporary, 1ms
1100b temporary, 12.5ms
1101b temporary, 25ms
1110b temporary, 50ms
1111b latched

An interrupt is generated if its activation condition is met. It can not be cleared as long as the
activation condition is fulfilled. In the non-latched mode the interrupt status bit and the selected
pin (the contribution to the “or” condition for INT1 and/or INT2) are cleared as soon as the
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activation condition is no more valid. Exception to this behavior is the new data interrupt, which
is automatically reset after a fixed time.

In latched mode an asserted interrupt status and the selected pin are cleared by writing 1" to
bit (0x21) reset_int. If the activation condition still holds when it is cleared, the interrupt status is
asserted again with the next change of the rate registers.

In the temporary mode an asserted interrupt and selected pin are cleared after a defined period
of time. The behaviour of the different interrupt modes is shown graphically in Figure 5. The
timings in this mode are subject to the same tolerances as the bandwidths (see Table 2).

internal signal from

interrupt engine |—| |—

interrupt output
latch period

non-latched |_| |_
temporary : -
latched

Figure 5: Interrupt modes

4.8.2 Mapping to physical interrupt pins (inttype to INT Pin#)

Registers (0x17) to (0x19) are dedicated to mapping of interrupts to the interrupt pins “INT1” or
“INT2”. Setting (0x17) intl "inttype” to ‘1" ('0°) maps (unmaps) “inttype” to pin “INT1”.
Correspondingly setting (0x19) int2_inttype” to '1” ('0") maps (unmaps) “inttype” to pin “INT2”.

Note: “inttype” has to be replaced with the precise notation, given in the memory map in chapter
6.
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4.8.3 Electrical behaviour (INT pin# to open-drive or push-pull)

Both interrupt pins can be configured to show the desired electrical behaviour. The “active” level
of each interrupt pin is determined by the (0x16) int1_Ivl and (0x16) int2_Ivl bits.

If (0x16) int1_Ivl = "1" ("0") / (0x16) int2_Ivl = "1" (0°), then pin “INT1” / pin “INT2” is active "1’
('0"). The characteristic of the output driver of the interrupt pins may be configured with bits
(0x16) intl_od and (0x16) int2_od. By setting bits (0x16) int1_od / (0x16) int2_od to '1’, the
output driver shows open-drive characteristic, by setting the configuration bits to "0’, the output
driver shows push-pull characteristic. When open-drive characteristic is selected in the design,
external pull-up or pull-down resistor should be applied according the int_Ilvl configuration.

4.8.4 New data interrupt

This interrupt serves for synchronous reading of angular rate data. It is generated after storing a
new value of z-axis angular rate data in the data register. The interrupt is cleared automatically
after 280-400 ps (depending on Interrupt settings).

The interrupt mode of the new data interrupt is fixed to non-latched.

It is enabled (disabled) by writing "1” ('0") to bit (0x15) data_en. The interrupt status is stored in
bit (0x0A) data_int.
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4.8.5 Any-motion detection / Interrupt

Any-motion (slope) detection uses the slope between successive angular rate signals to detect
changes in motion. An interrupt is generated when the slope (absolute value of angular rate
difference) exceeds a preset threshold. It is cleared as soon as the slope falls below the
threshold. The principle is made clear in Figure 6.

angular rate A

rate(to)

rateft,-1/(4*fs))

time

slope(to) =gyro(to) -gyro(to—1/(2*bw))

slope 4

slope_th

slope_dui slope_dur
dl -

4> <% >

ol
time

Figure 6 : Principle of any-motion detection

The threshold is defined through register (0x1B) any_th. In terms of scaling 1 LSB of (0x1B)
any_th corresponds to 1 °/s in 2000°/s-range (0.5°/s in 1000°/s-range, 0.25°s in 500°/s -range
...). Therefore the maximum value is 125°/s in 2000°/s-range (62.5°/s 1000°/s-range, 31.25 in
500°s -range ...).

The time difference between the successive angular rate signals depends on the selected
update rate(fs) which is coupled to the bandwidth and equates to 1/(4*s) (t=1/(4*fs)). For
bandwidhth settings with an update rate higher than 400Hz (bandwidth =0,1,2) fs is set to
400Hz.

In order to suppress false triggers, the interrupt is only generated (cleared) if a certain number
N of consecutive slope data points is larger (smaller) than the slope threshold given by (0x1B)
any_th. This number is set by the (0x1C) any_dursample bits. Itis N = [(0x1C) any_dursample+
1]*4 for (0x1C). N is set in samples. Thus the time is scaling with the update rate (fs).

Example: (0x1C) slope_dur = 00b, ..., 11b = 4 samples, ..., 16 samples.
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