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1IM-42652 Datasheet

High-performance 6-Axis Smartindustrial™ MotionTracking
MEMS Device for Industrial Applications

GENERAL DESCRIPTION

The 1IM-42652 is a 6-axis Smartindustrial™ MotionTracking
device that supports an extended operating temperature
range.

The 1IM-42652 combines a 3-axis gyroscope, and a 3-axis
accelerometer in a small 2.5 mm x3 mmx0.91 mm (14-pin
LGA) package. It also features a 2K-byte FIFO that can lower
the traffic on the serial bus interface and reduce power
consumption by allowing the system processor to burst read
sensor data and then go into a low-power mode.

IIM-42652 supports highly accurate external clock input to
reduce system level sensitivity error, improve orientation
measurement from gyroscope data and to reduce ODR
sensitivity to temperature and device to device variation.

The host interface can be configured to support 13C*M slave, 12C
slave, or SPI slave modes. The I3C°M interface supports speeds
up to 12.5 MHz (data rates up to 12.5 Mbps in SDR mode,
25 Mbps in DDR mode), the I2C interface supports speeds up
to 1 MHz, and the SPI interface supports speeds up to 24 MHz.

The device features an operating voltage range from 3.6V
down to 1.71V.

ORDERING INFORMATION

PART NUMBER
[IM-42652%

TEMPERATURE PACKAGE
-40°C to +105°C 14-pin LGA

tDenotes RoHS and Green-compliant package

APPLICATIONS

e Navigation

e  Orientation measurement
e Tilt sensing

e  Platform stabilization

e Robotics

FEATURES

e Digital-output X-, Y-, and Z-axis angular rate sensors
(gyroscopes) with programmable full-scale range of
+15.625, £+31.25, +62.5, £125, £250, +500, £1000, and
+2000 degrees/sec

e Digital-output X-, Y-, and Z-axis accelerometer with
programmable full-scale range of +2g, +4g, +8g and
+16g

e User-programmable interrupts

e 13C°M/|12C/ SPI slave host interface

o Digital-output temperature sensor

e Small and thin package: 2.5 mm x3 mm x 0.91 mm
(14-pin LGA)

e 20,000 g shock tolerant

e MEMS structure hermetically sealed and bonded at
wafer level

e MEMS structure hermetically sealed and bonded at
wafer level

e RoHS and Green compliant

TYPICAL OPERATING CIRCUIT

AP_CS

as dv
olas dv
M10S dv

|
/

L] (o] [ 2]
AP_SDO RESV

RESV

NT2 / FSYQIC
/ CLKIN

1.71-3.6VDC

RESV

RESV 1IM-42652

“1[=] [5] []

INT1/INT

(INT1/INT] VDD

ola = =
C1,01 ulj: ICZ, 22 pF

_fEE

1.71-3.6VDC J
I_ C3,10nF

L ST

o

Oldan
AST

Application Schematic (SPI Interface to Host)




@$TDI( InvenSense 1IM-42652

TABLE OF CONTENTS

O =T = DT o1 ] 4 o Yo PR 1
(0] o [T aTaT= [ ol ToT4 a1 F- 4 o] o VUSRS 1
PN o] o] [Tor= 1 To Yo NPT PP T ST PPOTPTOPRI 1
FEATUIES .ottt st e et e e et e e e s e e s a e e s e e e s e e e s 1
Yot @ oY= =Y oY= O ol U U 1
LIS Lo 1 = USSR 8
TABIE OF TABIES ..ttt ettt e st e et e s a bt e s ab e e sa bt e s st e e bt e e bt e ettt s abeeeabeesabeeeaeeesnaeenneeeares 8
1 INEFOTUCTION ..ttt b e b et e it e s bt e s bt et e et e saeesbe e bt eaeeebeeebe et e enbeentenbeenbenanens 9
00t O UV o o T SIF= T o Yol o 1SS 9
1.2 PrOCUCT OVEIVIEW. . ueiiiuiieiieeeiteeeiie ettt et ettt et s e st e st e e sa bt e sae e e bt e e bt e s b et e beeeabeesabeesaseesabeennseesnnesnseennse 9
R T ¥ o] o [ [oF | d o] o -J OO UP U UPOTPRRRE 9
2 FRATUIES oottt e s a e s s b e e e nans 10
2.1 GYrOSCOPE FEATUIES ...eiiiiiiieiitiee ettt sttt st e e s bt e s et e s s e e e s s b et e sennneessabe e e s e beeesannneessanenenan 10
2.2 ACCEIEIOMETEr FEATUIES....ccuuiiiiiieciie ettt et ettt e st e et e e sab e e aa e e s bbeesnee s baeeneesares 10
2.3 MOLION FEATUIES...coiiiiiiiitii i bbb r e b e 10
2.4 AAAITIONAl FEATUIES .....eieieiierieeeete ettt e st e n e e s sre e neemneeseenreeneeas 10
3 EleCtriCal CharaCt@riStiCs ... . eieeieitieee ettt et b e st e s be e s ae e e sabe e beeebeesaree s 11
I8 R €1 V] e Kol o LIy o T Tl 1 i ToF: 14 o o [OOSR 11
3.2 Accelerometer SPECITICAtiONS. .....ciciiii e e e s e et e e e e st e e e e ata e e ennaeeenreeaan 12
3.3 Electrical SPeCifiCations.....ccueicuiiiiieeiee ettt ettt st s be e nae e s b e e neesares 13
3.4 PCTIMING CharaCteriZatioN.........ccveuicieuiiteieueeteeeteeteee et ete e e e ee e et et eteeteseeteeseseebesseseebensessesesseseesensetensens 15
3.5 SPITiming Characterization — 4-Wire SPI MOE .......ccuviiiieieeiiiee ettt e e e sare e e e e e eanaeas 16
3.6 SPITiming Characterization — 3-Wire SPI MOME ......ccc.eoiiiiiiiiiiieee ettt 17
3.7  RTC (CLKIN) Timing CharacCterization ........ccccceecuieiiieesireesieesieesieesesesieeesseesteesseesseesaseessseessesssessnsessnne 18
3.8 AbSOIUtE MaXimMUM RATINGS ..eivuiierieiiiiiiiieeitee sttt si e e sae et e e sbeesbe e s beesabeesabeessaeesabeesseeebaeensessases 19
4 ApPPlIcations INFOIMATION ....coiiiiie ettt s e st e s bt e bt e e bt e sbeesaseesateesaneenne 20
4.1 Pin Out Diagram and Signal DeSCIIPLION .....ciiviiiiiiiiiee ettt ettt s e e s s be e e e s tee e s saae e e sbeeeenas 20
4.2 Typical OPErating CiFCUIT.....c.uieieiiieeiitieeeeciiee e eetee e et e e et e e e etee e s tbee e e ateeeeessaeeesasesaaastseesasssseeanssseesnsseananes 21
4.3  Bill of Materials for EXternal COMPONENTS .......uuiiiiiieeeiiie e ettt e eceeeeree e setee e e sreeeestaeesesaeeesaseeeesnsseeennnns 22
4.4 System BlIOCK DIagram . ..o eo ettt ettt et ettt e st e s bt s bt e sate s bt e s beeeareesbeeeneenas 23
LT O 1Y T = PP OTPT 23
4.6 Three-Axis MEMS Gyroscope with 16-bit ADCs and Signal Conditioning .........ccccceeveieeeeiieeicciee e 23
4.7  Three-Axis MEMS Accelerometer with 16-bit ADCs and Signal Conditioning..........cccceeevrvierieerieenneen. 23
4.8  13CM, 12C, aNd SPI HOSE INTEITACE ..cveieieeiieeeie ettt ettt ettt st et s e st er e st ers e st et e aeseesteseesreenes 23
A.9  SEIF-TOSE cueiieiie sttt st b e bt st she e bt et e at e ehe e bt et e e aeeebe e b e et e eabenraenbeearens 23
4.10 (6110 Tol 4 o = SO PP TSP TP POTUPPR PP PRPRTPN 24
4.11 SENSOT DAta REGISTOIS .ottt ettt e e ettt e e e e e e et e e e e e s nbeeeeeeeeesnseeeeeeesenannres 24
4.12 QY C=T o (] o] £ T OOROION 24

4.13 Digital-Output TEMPEIrATUIE SENSON ..ecueiieeeeiieeceiiee e ctee e e ete e e re e et e e e s taeeeesaeeestaeeesnsaeeeensaeeesneeanans 24




@$TDI( InvenSense 1IM-42652

4.14 BiaS @M LDOS ...ttt ettt st st ettt st e sttt et she e b et e et bt e b e bt et e saaesb e e be et e e ntesheenbe e bt eneesae 24
4.15 CRAIEE PUMP .eeeieiieite ettt sttt ettt ettt e st e st e s e be e s abe e s bt e e sa e e e beeebeesabeesabeesateesateenbeesbaeenneesn 25
4.16 SEANAArd POWET IMOGES ....eeeiieiiiieeie ettt ettt sttt ettt sb e sat e et s bt e st e sabeesane e sateesneeebeeeneesares 25
YT =g = I - 11 TSRS RR 26
5.1  Summary of Parameters Used to Configure the Signal Path ........cccovcueiniiiiiinniiie e 26
5.2 INOECR FIIEEE oottt st st s it e st e bt e bt e e bt e s b e e eabeesabeesbeesabeesnneenees 26
5.3 ANEIANS FILOI o ettt s ettt et e b e e b s e e b e sab e sareeaees 27
5.4 User Programmable OffSEt ......c.coiiiiiiiiiieiie ittt sttt sbe e s be e saae e st e e saae e baesbeesares 29
5.5 ULFIEI BIOCK .ttt et st st e st e st e s bt e e s bt e e bt e e b e e eabeesabeeeaneesabeesnneennees 30
5.6 ODR AN FSR SEIECTION ..ottt et sttt ettt e be e e bt e s beeeneesars 34
FIFO ettt sttt ettt s b e s bt et e ae e e bt e bttt a et h e e bt e At e e Rt e eh e e b e e bt e b e ea e e ehe e bt e bt eaeeeheenh e e bt eneeeaeenneereenes 36
6.1 PACKEE SEIUCTUIE ..ottt e see e et e n e s sree s st e n e emeesmeereenne e 36
6.2 FIFO HEABK ettt ettt st e st e st e e bt e be e e bt e s b e e eabe e sabe e e bt e snbeesaneeneas 38
6.3 MaXimUM FIFO SEOMaBe...ccci ittt ettt e e et e e e e e et e e e s e s e re e e e e s s eennreeeeeeesennnnee 38
6.4  FIFO CoNfigUration REGISLEIS. .. .uiiiiuiieieiiie i cieeectee e ectee e st e e et e e e e eate e e snteeeesteeesnteeessseeeastaeesnnseeesnssneaan 39
Programmable INTEITUDPES ...oooeii ettt ettt s e et e st e e s b e e sae e e sabeenbeeebeesareesn 40
APEX MOTION FUNCLIONS ...ttt ettt ea e s sba e s s e e e s snae e s sna e e s s nneeesanns 41
8.1 APEX ODR SUPPOI ittt ettt e bbb et et e te b ettt e e et aeaeeeeeeaaeaeaee 41
8.2 DIVIP POWET SQVE IMOUE ..ottt ettt ettt et sttt et e sat e sbe e e bt e e bt e sa bt e saaeesabeesneesbeeeneesares 42
8.3  PedOmMEter PrOSrammMiNg.....ciiiciiiiiiieeieiiee e st e e sttt e e sttt e e stte e e sbbeeesate e e saeeeesbbeeesasbeeessaeeesnsteeesnnsaeesansas 42
8.4 Tilt DEteCtion PrOgramMING . ...cccceeiiiiiieiieeeiieesieeste ettt steeeste e sbeesate e sabeesbeeesbseebeessbeesaeesaseessseesseeenseesnses 43
8.5  Freefall Detection Programming........ccicciiieiciieeeciiee ettt e eetee e e st e e e stee e s seae e e s taeeeasaeesenseeeesnseeesanseeeeannees 43
8.6 Tap Detection Programming ..... ... oottt ettt e e e s et e e e e s enre e e e e e e senbeneeeeeesaannes 44
8.7  Wake 0N MOtioN ProgrammMing......c.cecieeciieiiieriiesieenitesieesiessseeesreesteessseesseeessesssaessseesssessssessssesssessnses 45
8.8  Significant Motion Detection Programming ........c.ceeeciiieiciiieeiiiieeeeiee e eeee e stee e e st e e ssaeee e s seteeeesnsaeesnnneeas 46
DiItAl INTEITACE . .eee ittt ettt et s b e e bt e st e st e e sa b e e s b e e sae e e sabe e be e e bt e eabeesbeenareens 47
9.1 13C°M, 12C, aNd SPI SEIIal INTEITACES «...veuveeeeceietecee ettt sttt et ettt e stestesbesresreereeneenes 47
LT T 11 =T o -V TSR 47
9.3 L INEEITACE e veviiieteeeeet ettt ettt ettt ettt ettt ettt ettt et ae b b ae bt ete et et e b b et e et et e et ebete s beseaeetens 47
9.4 12C COMMUNICALIONS PIrOTOCON ...vviuiievieiietieisietetcie ettt sttt ettt b e se bt e s s bese s b sn s esesens 47
L TR T L Ol 1=Y 0y T TP P USSR 49
L Y o W ) (=T s =Tl TSP P PP PTOPRTOPPRO 49
10 F YY1 0] o] 1Y PP PPPPN 51
10.1 OriENTATION OF AXES ..ttt ettt st sttt et s e saeesbe e bt et e e bt e sbe et e et e eneenbeenbeens 51
10.2 LYol Tl D10 V=T T T o LSSt 52
11 Part NUMber Package Marking .........eeeee oottt e et e e e ettt e e e e e e e bt e e e e e e s e e aataeeeeeesesnssteneeaesennnsaenens 54
12 L= N o) =TT 55
12.1 Accelerometer Mode TranSitioNS ........cueuieiiririeniee ettt e s senens 55
12.2 Accelerometer Low Power (LP) Mode Averaging Filter SEtting.........ccoveereeverienieneeneee e 55

12.3 Settings for 12C, I3CM, and SPI OPEration.........ccvcuieueueeuieieeeeieieteetee et ettt e et aeete s ae e 55




@$TDI( InvenSense

1IM-42652
124 Notch Filter and Anti-Alias Filter OPeration ........cccoecierieiiieinieeiit et s saeeenee s 55
12.5 external clock iNPut effECt 0N O ..co.iiiiii e 55
12.6 INT_ASYNC_RESET CONFIGUIAtioN ..c..eeiiuiiiiiieiieesite ettt ettt ettt ettt st sare b saneenee e 55
12.7 FIFO Timestamp INTErval SCAlING ...cccveviiiiiieiiierie ettt e e e e sbe e sbeesabeesaaeens 55
12.8 Supplementary Information for FIFO_HOLD_LAST_DATA_EN .....coiviiiiiiiniiienieenieesieeseeesieessiee e 56
13 [ T 1V - T PP TP UPRP PPN 57
131 USEr Bank O REGISTEI IMIAD...cciuiiiiiiiee ettt ettt ettt e e see e s st e s sbte e s sabbe e e sabeeesssteessaneaeesnbeeesnans 57
13.2 USEr BanK 1 REGISTEI IMAD . .uicueiiiieiitesiieeite sttt e stee st e s te e s e e sateesbteesseesnbeesbeesateesateesseeesssesnsessnseesnseesns 58
13.3 USEr Bank 2 REGISTEI IMIAP...cecueeiiiiieetteiitteeite ettt et sttt ettt st e bt e sat e st e st esat e e sabeesbeeesateenbeesabeesaseesas 59
13.4 USEr Bank 3 REGISTEI IMIAD..cciiuiiiiiiiee ettt ettt ettt e st e e st e s st e e s sabb e e e sabeeesssteessaneeeesbeeesnans 59
13.5 USEr BanK 4 REGISTEI IMAD...cicieiiiieeiie sttt ettt e st e st e st e sate e sateesbteesaeesabeesbeesateesabeesseeesssesnsessnseesseesns 59
13.6 Register Values ModifiCation .........ooceeiiiirieiiieeeeee ettt st st s e b e 60
14 User Bank 0 Register Map — DESCIIPLIONS .......uuiiiiiiiciiieee ettt eeeecttte e e e e e e setrre e e e e e e s eabbaaeeeeeeenntaaseeeeeesnsrenes 61
14.1 DEVICE_CONFIG.....ccutieieiiieittertt ettt st st ettt st s bt ettt eae e s bt e bt e st e saeesbe e b e et e sasesbeenbeenbesmbesmeesbeenseeneesae 61
14.2 DRIVE_CONFIG.....eeiieiierierieenie ettt st stt ettt st et ettt e r et s e s b e e esanesbe e b e enesenesreenneeneennesne 61
14.3 INT _CONFIG ...ttt ettt e e ettt e e e e e sttt e e e e s s e aba et e e e e s e s asbabeaeesesasbnteaaesessanssnneaeens 62
14.4 FIFO_CONFIG ...ttt sttt et ettt et ehe e sbe et e e a e e eaeesbe et e e a b e sabesbeenbeenbeeabesaeesbeenbeeneesais 62
145 TEIMIP_DATAL. ..ottt ettt st st e s bt e et st e s ae e s bt e e s ae e er e e r e e st e meeebe e r e e resenennnennees 62
14.6 TEIMP _DATAD ...ceteieieiitteee ettt e e e ettt e e e s ettt et e e e s e aaatteaeessaasbabtaaeesssasbstaeaesessnsssaaaessesansranaeessannan 63
14.7 ACCEL _DATA X ottt ettt ettt sttt ettt h ettt e ea e s bt e b e ea b e sabesb e et e e abesabesheenbeeabesatesbeenbeeatesueenbeanteans 63
14.8 ACCEL_DATA XD ..ttt ittt ettt sttt et e ateshe et e et e sbe e s b e b e e st e sbaesbe e besabesaeeshee bt emsesaeesbeebeeneesneenseensens 63
14.9 ACCEL_DATA YL oottt sttt ettt ettt e s s b bt e n e s e e sreenae e et saeesreenneeaneeneeeneenneas 63
1400 ACCEL_DATA_YO ...eiteeieiiteeiteete ettt sttt ettt at sttt eat e e bt e sbe et e eabeebaesbeeabeeabeeabesbeeabeebeeatesaeesaeenbeennesas 64
1411 ACCEL_DATA_ZL ..ottt sttt ettt sttt ettt s he e bt et a e s b e e s b e e bt et e ssbesbe e beeabeeatesaeesaeenbeeneesae 64
14.12  ACCEL_DATA_ZD ..ottt ettt sttt st st a ettt b e st et e s s e b e e r e e en e smne s b e e neesnesmeesreenneemnenne 64
14.13  GYRO_DATA XL .uoieeieeeeeiese e e sessessasssssesssssssssssssssssesssssssssassesssssessssss s s s ses s sesssesasssnsesnen 64
1414 GYRO_DATA XD ...iieieeieiieeiteente ettt st e ste ettt sbe e st et e st e sbe e e b e et e eabesbae b e e b e eabesabesbe e beesbesmtesaeesbeenbeensenas 65
14.15  GYROL_DATA YL .ttt sttt st sttt ettt e bt e st et e e s e s b e e bt e n e sanenbe e reeanesmeesreenneeneesas 65
1416 GYRO_DATA YO .uoioieieeeeeeieeeese s e s sesessssssesssssssssssssesssesssssssssessesssssan s ss e ss s s ssssssssesssnsesnen 65
1417 GYRO_DATA ZL ettt ettt et e at ettt et h e e bt et e e a e ehteeb e e b e et e satesaeeebeenbeeabesaeesaeenbeeatenas 65
14.18  GYRO_DATA _ZO ...ttt sttt ettt st s bttt st s he e sttt e at e e bt et e e st e e b s e sbe et e eabesaeesbe e beeabesmeesaeenbeeneesas 65
L1419 TIMIST_FSYNCH oottt et e e e e e s ettt e et e e s sttt te e e e e e sasbateeaeesesnbabaeeessessnssanaaasssnan 66
1420 TIMIST _FSYNCL ..ttt ittt ettt ettt ettt et e at e ebe e bt e a b e eateeb e e b e eabeeabeebeesbeenbeeabesatesbeenaeenbesatesaee 66
T4.21  INT_STATUS ettt et b ettt s he e s bt et e et e e bt e bt et e e se e eb e e b e ea b e sabesbe e b e eabeeatesbeenbeenbesneesaie 66
14.22  FIFO_COUNTH ..ottt sttt st st st et r ettt e b e n e e s e e s be e s e e resanesmeenreennesmnenaee 67
1423 FIFO_COUNTL ettt ettt ettt sttt ettt e s bt et eat e eb e e bt e abeea b e eb e e b e embeeabeesbesbe e beeabesatesaeesaeenteeatenais 67
TA.24  FIFO_DATA .ottt ettt s e s bt e bt et s bt s bt et e e at e she e bt eab e e aeeeb e e b e eabeeabeebe e b e eabesabesbeenbeenbesneenae 67
14.25  APEX_DATAD ...ttt st sttt et st s et e ettt s st e st et e e st e b e e b e e r e s enesbe e b e e reeanesaeenreenneeanenne 67
TA.26  APEX _DAT AL ..ttt ettt e e e ettt e e e s e sttt e e e e e se s babeaeeeesasaabeeaeeessaabataaeeeesasabrtbaeeeeesanneraaeens 68
1427 APEX _DATAZ ...ttt ettt sttt ettt s he e bt et e e at e eb e e bt e ab e eateeb e e b e ea b e e abeehbeehe e beeabeeatesheenheebeeatesas 68




@$TDI( InvenSense

1IM-42652
T4.28  APEX _DATAS .ottt s e sttt ettt e e bt s bt e s bt e ra e srn e s re e e rnesaree s 68
14.29  APEX_DATAL ...ttt st saa e e 69
O I Yo = D AN 7 TP PPTRPPP 69
T4.31  INT_STATUSZ ..ottt sttt et e e e st b e s bt e s b e e s bt e sab e e sabeesna e e smnesbeeebeesareess 70
14.32  INT_STATUSS L.ttt ettt e b e s b e s bt e sar e e s aa e e sma e e san e s be s sbeesaree s 70
14.33  SIGNAL_PATH _RESET ... iiitiiiti ittt s ettt e e e ettt e e s s e s bt e et e e e sesanteaeeeesessabaaaeesssasasstaaeeessessnseeaens 70
14.34  INTF_CONFIGO ....cieiueiiieieieeetee ettt sttt et ettt et e st e st esab e e sab e s bt e e beesabeesabeeeabeesabeesaseesaneenneeeane 71
14.35  INTF_CONFIGT ..ottt sttt et et e st s st esab e e sabe e ba s e smnesnesebaesanee s 72
14.36  PWR_IMGIMTO ..cuiiiiiiiiieiiiiteee e ettt et e e e ettt e e e s s sttt e e e e s seabate e e e e e s e saabaeaeesssassssbaaeesssassssstaeeesssasnnnaaeens 72
14.37  GYRO_CONFIGO ..ottt ettt sttt ettt ettt st et e sa e st e e bt e e s abeeabe e e beesabeesabeesabeesmneenneeenne 73
14.38  ACCEL_CONFIGO ...eeouviiitieeiieiiteecite ettt sttt st sttt st b e s e e bt e sab e e sabeesaneessneennesenbnesaneees 74
14.39  GYRO_CONFIGT ..ottt st b e e be e sab e sane e san e e saneesnae e e 75
1440  GYRO_ACCEL_CONFIGO .....eeiuiieiieiteeette ettt ettt et sb ettt sb ettt e st e s b e e sbe e e saseebeeeseesaneesbeesnneesas 76
1441 ACCEL_CONFIGY ..ottt sttt ettt st sh ettt s bt s bt et e e s bt e s b e e bt eabesseesbeenbeeabeeatesaeenree bt ensesns 77
14.42  TIMIST_CONFIG ...ttt sttt et st st e et st r e r et s b e b e e s e s enesme e s s e e neeanesanenreenneennenne 78
1443  APEX_CONFIGO ..evtiieeiieiiiitteee e ettt e e e s s ettt et e s s s sttt e e e e s sesababeeeeesseaaabteaeesssaassbaaeeessassssstaaeesssnssnnseanens 79
1444 SIMID_CONFIG .. .iitieieiieeite ettt ettt sttt ettt ht e sttt e a b e ebe e s bt et e ea b e ebe e b e eabeeabesaeesbeenbeeabesatesaeenaeesesanenae 79
1445  FIFO_CONFIGL ...ttt sttt et st st r et st r e r et e s e b e e r e s en e smne s b e e reemnesmeenreenneemnennee 80
1446 FIFO_CONFIG2 ..ceeiiieiiieiitteee ettt e e e ettt e e s ettt e e e e e s e siaabe e e e e e s e aabteaeeessasssabaaeeeesanssnstaaeesssnsnnnaaeens 80
1447  FIFO_CONFIG3 ...ttt sttt ettt ettt e et esab e sabe s bt e e s beeeabeesbeeeabeesabeesabeesaneenneeeane 80
L1448  FSYNC_CONFIG c.ociiietieiiieett ettt sttt st sttt et e e bt e s b e e s bt e sab e e sabeesma e e smnesnesebaesareess 81
14.49  INT_CONFIGO ....ciiieiereeriterie ettt sttt ettt e r et et b e r et e st e s b e e b e e r e san e s meesbe e neesnesmnesreenneeneemnenne 81
L1450 INT_CONFIGL ...ttt ettt ettt sttt ettt et b e st e e bt e sab e e sabe s bt e e s beeeabeesabeeeabeesabeesnbeesnneenneesane 82
14.51  INT_SOURGCED ...couttiiiieitieeitteittt ettt sttt sttt et s e st e e e s bt e st e e et e e st e e smaeesnasesbnesneesbnesareess 82
14.52  INT_SOURGCEL ....ootiiitiieetiereetest ettt sttt et sr ettt s bt e r et e b e e r e e r e s enesbe e b e e reeaneseeenreenneemnenaie 83
14.53 INT _SOURGCES ...ttt ettt e et e e e e s sttt e e e e s e s bateeeeeessaababeeaeesesaabateaeesesasssnbaaaeesesassnneaeens 83
14.54  INT_SOURGCES ...ttt sttt sttt et e s s bt e s b e e s bt e st e e sabe e ba s e sbnesneeebnesareess 84
14.55  FIFO_LOST _PKTO....ieteereeereerertesieenteereseesiee st eseesieesree st et eseessee st e s e sseesn e e resenesmnesre e nesanesaneseeenneennesne 84
TA.56  FIFO _LOST _PKT L. eeiiiiiiiiiiitiee ettt e s ettt e e s s sttt e e e e s s e tab et e e e e s s aabeeaeeessaassbaaeeessaassssbaaeesssansnnseanens 84
14.57  SELF_TEST_CONFIG.....ouveeeeeeeeeeeeeeseseseesesesaesessesssssssessesassesssssssessssasssassassssssassassessssasssssesassensasansnens 85
T4.58  WHO _AM Lottt sttt ettt e et s e s bt e st e s bt e saa e e ssaeebe s e sbbesbeesbeesaree s 85
14.59 REG_BANK _SEL ..etiiiiiiiiitieet ettt ettt e e e e e st e e e e s s s saat b e e e e e e s abateaaeeesssantbeaeesssansnnneaeens 85
15 User Bank 1 Register Map — DESCIIPLIONS .......uuiiiiiiiciiiiiee e e ettt e eeeettte e e e e e e setrae e e e e e e s b baaeeeeeeeanraaaeeeeeesnsranes 86
15.1 SENSOR_CONFIGO .ttt sttt et sar e st e sen e s sba e e ba e s bt e saneesaneesanes 86
15.2 GYRO_CONFIG_STATICZ ...ttt sttt et st st st e ae s st esme e n e e e s e en e e reeaneemnesneennens 86
15.3 GYRO_CONFIG_STATICS .. ettt ettt ettt sttt ettt ettt st e s bt e s st e e sae e s b e e e bt e sabeesabeesabeesaneenneees 86
15.4 GYRO_CONFIG_STATICA ...ttt sttt sttt e be e s e sn e e sate e smneennae s 87
15.5 GYRO_CONFIG_STATICS ...ttt st sttt st st st e r e e st esr e r e e e e e s s e e reeaneemeesneenneas 87
15.6 GYRO_CONFIG_STATICE ...eeeteeeeeeeiiteee ettt e e sttt e e e s s sttt e e e e s s seabateeeessssnbbaaeeessesnnbaaeeeesssnsnseaaeas 87
15.7 GYRO_CONFIG_STATICT ettt ettt ettt ettt st sttt s bt h e e sse e s b e e e bt e st e e sabeesnbeesaneenneeen 87




@$TDI( InvenSense

1IM-42652
15.8 GYRO_CONFIG_STATICS ... ettt sttt ettt sttt se e st e s e sbe e e bt e sar e sneesate e saneesnee s 88
15.9 GYRO_CONFIG_STATICY ..ttt sttt sttt st s et san e saneesnae s 88
15.10  GYRO_CONFIG_STATICLO ..eteeeiieiiiiiteeeeeereiitttee e s e sttt eeessssattteeeeesesasbateeeessssasstaeeeessassnstanaeessssnnseeees 88
I5.11  XG_ST_DATA ettt sttt st s e e e bt e b e e s bt e s b e e s bt e s ab e e s abeenna s e sbnesneeebnesaree s 89
I5.12  YG_ST_DATA ettt et et b e s bt e s b e e s bt e sab e e s a e e ba e sae e b e e reesree s 89
1513 ZG_ST_DATA oottt s s s s n s s s st e s s s st e s an s senses et esan st esansanens 89
15,14 TIMISTVALD ..ttt ettt ettt sttt ettt bttt e st e e bt e s a bt e s ab e e bt e e sbee s b et s bt e eabeesabeeenbeesmbeenneeenbaeeneenane 89
I5.15  TIMISTVALL ..ttt sttt st b e bt bt e s b e e st esa bt e s b e e s be e e s maesbe s e sbeesaneesabeesnneens 89
I5.16  TIMISTVALZ ..ttt ettt e e ettt e e e e e s ettt e e e e s e ab b teaeeeesasbabeeaeeesasssabaaeesssassabaaeessssansnnnaaeens 90
15.17 INTF _CONFIGA ...ttt ettt ettt e e e e e st e e e e e e e e aa et e e e e e e s e ubb bt eeeeeeannnraeeeeeesannnnneaeens 90
15,18  INTF_CONFIGS .ttt sttt et s e st e st e e sabeesba e e smnesnesebnesaree s 91
15,19  INTF_CONFIGSE ....eiieiiiiiieieeetee ettt st st e be e b e s be e sn e seneesan e e saneesneeeane 91
16 User Bank 2 Register Map — DESCIIPLIONS .......uuiiiiiiiciiiiiee ettt e e eeettte e e e e e e setae e e e e e e e s eaabae e e e e e e e anraaseeeeeesnsrenes 92
16.1 ACCEL_CONFIG_STATIC2 ..ttt ettt sttt sttt ettt sb e s e st e sane e eneeenaeeneesanes 92
16.2 ACCEL_CONFIG_STATIC3 ... ieeitetteteeteere ettt ettt st s s sreesne e s e sree st e e e emeesreeneennesnnenneens 92
16.3 ACCEL_CONFIG_STATICA ...ttt ettt ettt e e ettt e e e e et e e e e e s s abebaeeesessnbabaeaeesesanssntaeassessanres 92
16.4 KA ST D AT A ettt ettt e a bt e bt b e e e bt e s bt e et sa b e e e aa e s be e e be e e be e e bt e s be e e reennes 92
16.5 YA ST _DATA ettt sttt ettt ettt e b e s et e e e e s b e e b e e r e s ane s et e s r e e et et saeenr e e et e et eneenreereens 93
16.6  ZA_ST DATA oottt ettt es st s s na st ent e st st s et naee et es et enanaanens 93
17 User Bank 3 Register Map — DeSCIIPLIONS .......uuiiiiiiiciiiiiee e ettt ee sttt e e e e e e setre e e e e e e e s bbaaeeeeseennraaeeeeeeesnseanes 94
17.1 PU_PD_CONFIGI ..ttt sttt sttt ettt st sbe e b et sabesbe e b e et e satesaeenbeenbeemtesmeesaeenseensesns 94
17.2 PU_PD_CONFIG2 ..ttt ettt ettt st s b r e n e s anesieesbe e s e e nesmeesreenneennesnes 94
18 User Bank 4 Register Map — DESCIIPLIONS .......uuiiiiiiicciiiiee e ettt e e e sttt e e e e e e seataee e e e e e e s eabtaaeeeeeeeantaaaeaeeeennsrenes 96
18.1 FDR_CONFIG ...ttt sttt et et st b e st e s bt e s st e e sbne s b e e sabeesabeesabeesnneesmneesneeeane 96
18.2 APEX_CONFIGT ...ttt sttt ettt ettt seee s bt sne s e sreenneemnesmeesreenneemeesmeenneennens 96
18.3 APEX _CONFIG2 ...ttt ettt ettt ettt e e e e s et e e e e s s s be b e e e e s e s sanbataaeessessasbaaeeeesessnnsaeaeesssnnnnres 97
18.4 APEX_CONFIG3 ..ttt ettt et st e st st e e e ba e e s ba e e ebe e s b e e e bt e sareesaneennns 98
18.5 APEX_CONFIGA ...ttt ettt ettt ettt s b r e s e s sreenneeaaesaeesre e st emeeeneenneennens 99
18.6 APEX _CONFIGS ...ttt ettt e e s e sttt e e e e s st e e e e e e s e s saabateeee e s s nsbaaeaeesesassataeaesennan 100
18.7 APEX_CONFIGB ..ttt ettt sttt ettt et sttt e st e st e e sae e e sabeebe e e baeeabeesabeesabeesabeennneenns 101
18.8 APEX _CONFIGT .ottt sttt ettt st st et s s e s b e e e baesabeesabeesnbeesaneesnneenne 102
18.9 APEX_CONFIGS ...ttt ettt ettt e e s e sttt e e e s e s be e e e e e s e s saabbbaeeesessnsbaaaaeesesansaraeaesennan 102
18.10  APEX_CONFIGY ...ttt ettt sttt ettt ettt e st e s bt e s st e s bt e bt e st e e sabeesabeesabeeneeennneennee s 102
18.11  APEX_CONFIGILO ..ceiiiiiiiieeieieiiieeiee ettt sttt sttt et s e st e s e et sbee e ne e sbaeeneesareeeaneesanes 103
18.12  ACCEL_WOM_X_THR . ettoiiiitietietereesie et et sttt sttt et e r e et sbe e r e reseneseeenneeneennesanes 103
18.13  ACCEL_WOM_Y_THR ...ttt ettt sttt s et e sb e eat e s b et e bt e sab e e sabeesateesaneenneeen 104
18.14  ACCEL_WOM_Z_THR ..ttt sttt et s e st sare e s e e e sbr e s neeebaeeneesans 104
18.15  INT_SOURGCESD ....ccuvirutiieereetieiteeteeet ettt sttt et st b e e et st s reese e e ae e e ae e s r e r e e s e e meesne e reenresenesnnenreen 104
L18.16  INT_SOURCET ...eetiiieiiieiiieet ettt et e e e sttt e e s e s sttt et e e e s e s aabat e e e e s e s sabbaaeeeesasssbaaaeeesassnsaaaeesssansnnnaaeens 105

18.17  INT_SOURCES ...ttt a e ba e sbe s 105




@TDI( InvenSense

1IM-42652
18.18  INT_SOURCEDY ....ccutiiiieitetieitieit ettt ettt st s b et e e st sae e s bt et et e sheesbe et e eaeeebee bt eabeeabesbeenbeenbesanenanenbeen 106
18.19  INT_SOURCETLD ....otriiriieieeieete et stee ettt ettt s e e b et s e saee s bt e neenesaeesree st et e smeesmeenneenneeneenneerens 106
18.20  OFFSET_USERD...ccuutitieuiietieieeteeite st et e e s te st e sae e tesatesatesseeteeatesaeesaeenseeatesaeenseenteensesstenseenbesnsesntesaean 106
18.21  OFFSET_USERI ...ttt ettt sttt ettt sb et e e she e s bt et e eateebee b e eabeeabesbeenbeenbesmnesanenbean 107
18.22  OFFSET_USERZ...c.uiiitieieeiteteete ettt sttt ettt r et st she e et et e s b e r e et et e sbeenreenresenesanenreen 107
18.23  OFFSET _USERS ...ttt ettt et e ettt e e e s e sttt e e e s s st et e e e e s sasanbaeaeeesessnbaaaeesssasnnseaeens 107
18.24  OFFSET_USERA ...ttt ettt et st b ettt e s he e s bt e bt e ateeae e bt enbeeabesbeesbeenbesatesasenbean 107
18.25  OFFSET_USERS.....ceiiiiiitiitet ettt sttt st st s bt et et she e s bt et e eateebee bt eabeeabesbeenbeenbesanesanenbean 108
18.26  OFFSET_USERB.....uiiiieuietieteeieeete st et e e te st e sae e testesatesae e seeatesaeesaeenteeatesaeenbeenteensesseenbeensesnsesntesaean 108
18.27  OFFSET _USERT7 ...ttt ittt ettt ettt ettt e h bbbt et esht e s bt et e e abe s aeesbeebeeabesaeesaeenbeeabesneesbeenbeaas 108
18.28  OFFSET_USERS.... .ottt ettt sttt ettt s bt et et s bt e s bt et e eateebeesbeenbeeatesbeenbeenbesanesanenbean 108
19 RETEIEINCE ...ttt ettt e sttt s e bt e bt st a e s Rt e Rt e e ne e Rt e r e e e ene e r e e reeare s 109
20 REVISION HISTOIY ..vviiiiiiiiiiiiiiiiiiiiieieieierer et e e e re s s e e e e e e e e e eeeeteeeeaeataeaeaeaeaeaeaesatesaeaaaeeeeseseeeeeeeeeeseeeseeeeeeeesesesesesns 110




é$TDI( InvenSense 1IM-42652

TABLE OF FIGURES

FIgUre 1. 12C BUS TIMING DIGEIAIM c.ecuveuviveceiete et cteeteeteeteeseeseeteeeeetesteeteeteeaeeteeseeseessensensessesseasesseesesseereeseessensensensensesseasestesseeseereeneensensensensen 15
Figure 2. 4-Wire SPI BUS TimMiNgG Diaram .. .cci i e cuiiieiet i ieiiieeeee s eesititeeeessseatteeeeeesesustaeeeeesssssssteeaeessassseseeeeesssassssseesesssanseseeeseessassssneeeenesns 16
Figure 3. 3-Wire SPI BUS TimMIiNG DIABIam......ccoicuiiiiiiiiiiiiieee ittt siee e ettt e e et s eae e e s st e e e re e e s emne e e s sar e e e s anbe e e samnneeesabeeesanraeesannneeesnenesan 17
FIgure 4. RTC TimMING Diagram .cc . eie ettt ettt et e ettt e e e s et e s ar e e e s mae e e e sa b et e s e b e e e s amba e e e s beeeseabe e e e sanneeesanaeesenreeesnnneesanneeeaas 18
Figure 5. Pin Out Diagram for IIM-42652 2.5 mm X 3.0 MM X 0.91 MM LGA.......cuuii ittt ettt e et e e e ra e e eetaeeeeaneas 21
Figure 6. IIM-42652 Application Schematic (I3CM / 12C INTEIrfate 10 HOSE) ..uviuviueiiiieieiectececteeee ettt sttt ettt sae et 21
Figure 7. [IM-42652 Application Schematic (SP1 INTEIfAace t0 HOSL) ....cccciiiiiiiie ettt e et e e et e e ta e s s ba e e e eata e e eearaeeeanaeas 22
Figure 8. [IM-42652 SyStem BIOCK DIBGIam ........uiiiiiiiiiiiiiee et e ettt e eetee e e sttt e e e te e e esaaaeeesabaeeeasbaeeeeasaseeaatsaeeanssseeasaseesassesaassasenssseesnsrenaan 23
Figure 9. [IM-42652 SIZNAI PAth .....ccoceiiii ettt et e e st e e e et e e e e aeee e ettt e aaasteeeensaeeesasseeeaseeeesnseeeassseeeanssaeesnnseaessnsenannn 26
FIGUIE 10. FIFO PACKET STFUCLUIE . .eeiitieiiieetteeeee ettt ettt sttt st e he e e s bt e bt e s b et e bt e s abeeea s e e sa b e e sube e bt e e sbeeeabeeeabeeeaseesabeenaseesnseenneennne 36
Figure 11. MaximuUmM FIFO SEOIage....ccuuuiiiiiieiiiiiie ettt ettt st e st e st e e s et e s s b et e s e mr et e s na e e e s be e e e e sn et e s mneeesnseeeeanraeesnnneesanreeenan 39
Figure 12. START @Nd STOP CONAITIONS ....ciiiiiieiiiiiiie e ettt e e ee ettt e e e e e e et e e e e e e s e eaateeeeeeeeabasaeaeaaeeaassasasaaaeeaassssseasaeesassaseeaseessansasaeasenasnn 47
FIgure 13. ACKNOWIEAZE ON thE 120 BUS ..c.vicviieiieiceieeieeeetete ettt sttt e ettt st et e et et et e saesteabesaesreeseeseeneessentestestesbesesebesreebeensenseneensessentesena 48
FIGUre 14. COMPIELE 12C Data TraNSTer . ..ccviiuiieietieeieeeceeeteteste st e et e st st e eteeaeere e st eseess e s e tesaestesbestesbeebeebeessessensessetetesesstesresteereesesnsensenseneeseen 48
Figure 15. Typical SP1 Master/SIave CONTIGUIATION ......cuiicuiieiie ettt ettt eette et e eeteeeete e sbeeebeestbeessseessseessseebesenseeeabessnbaessseesareenseeens 50
Figure 16. Orientation of Axes of Sensitivity and Polarity of ROTAtion .........c..ceiiciiiiiciiie et 51
[T d U N R - 1ol Y I 0 T 0 =Y o o o TSR 52
Figure 18. Part NUMDBEr PacCkage IMArKiNg .......cocueiiiieeiieiiieee ettt ettt sttt sttt be e et e s bt e e bt e sa b e e saseesabeesabeebeeenneesaseesabeennneesas 54

TABLE OF TABLES

Table 1. GYroSCOPE SPECITICATIONS ..cccuveiiiiiiiieiieeee ettt ettt et e sttt st esab e e st e e she e e sae e e bt e eabeeeaseesabeeeaseesabeesaeeebaeeneesabaesaneenates 11
Table 2. AcCelerometer SPECIH ICAtIONS ... .ciiiiiiiieie ettt ea e bt e s a bt e st e e bt e e beeeabeesabeeeabeesabeesateeaseeenneesabaeeneenares 12
Table 3. D.C. EleCtriCal CharaCtEriStiCS .uuuuuueiiiiiieeieiet ettt ettt et e sttt e s abe e e s b bt e e s saba e e sabeeeesabeeesabaeesaabaeessabeeesanseaesanseeesnabeeesnnes 13
Table 4. A.C. EleCtriCal CharaCteriStiCs .uiue o uiii ittt ettt ettt e sttt e e sttt e e st e e s b bt e e s sabaeesabeeeeaabeeesabaeesaabaeessabeeesassaeesnnsaeesnabeeesnnes 14
L] T LR O TR a T 1A= O T T ot 1= A1 ATk 15
Table 6. 4-Wire SPI Timing Characteristics (24-MHZ OPEIration) .......cccuiiiiiiiieeiiee ettt eere e e et e e e stte e e e eabaeessabaeeeesteeesensaeeesnseeeans 16
Table 7. 3-Wire SPI Timing Characteristics (24-MHZ OPEration) .......cccuiiiiciieieiiie et eee et e e e e e et e e e eaee e s enteeessnteeessnsaeeesnseeeans 17
Table 8. RTC TimMiNg CharaCteriSTiCS ...uuuiieuiieeiiieeeeiiieeectee e st e e ettt s e stee e e st e e e e tteeessaeeeassteeeassasessseeeassseeeastseessseeeastesesasssessnnseeeassseeennnes 18
Table 9. ADSOIULE MAXiMUIM RATINES ...ccouviiiiiiiiiiiiteiee ettt ettt ettt et s bt et esab e e st e e sae e e sas e e be e e beeeabeesabeeeaseesabeesabeeseeeneesabaesaneesates 19
Table 10. SiBNAI DESCIIPLIONS .. .eeiitieiieeiteeete ettt ettt ettt e et e sb et e s aee s b et e bt e sabee s b e e saseesat e e bt e e bt e e abeesabeeeaseesateeeabeebeeeseesabaeenneesabeesaneenars 20
B LI = 11| e 1Y L =T o - ST 22
Table 12. Standard POWEr IMOAES FOr IIIM-42B52..........uiruiiiieenieeiiteeiteesttesteesiteesseeesteeessaesbeesseesateesaseesseeesssesnsessnssesssessnseessessssessseesses 25
Table 13. SigNal PAth PAraMELELS .......vii ittt eett e e e et e e e e tte e e staeeeebbeeeestasesssaeeanstaseanstasessseseastaseansssessnsseeeensteeennes 26

L1 TS0 B ol =Y o o o T3 TRt 49




@$TDI( InvenSense 1IM-42652

1 INTRODUCTION
1.1 PURPOSE AND SCOPE

This document is a product specification, providing a description, specifications, and design related information on the [IM-42652
Smartindustrial™ device. The device is housed in a small 2.5 mm x 3 mm x 0.91 mm 14-pin LGA package.

1.2 PRODUCT OVERVIEW

The [IM-42652 is a 6-axis MotionTracking device that combines a 3-axis gyroscope, and a 3-axis accelerometer in a small

2.5 mm x 3 mm x 0.91 mm (14-pin LGA) package. It also features a 2K-byte FIFO that can lower the traffic on the serial bus interface
and reduce power consumption by allowing the system processor to burst read sensor data and then go into a low-power mode.
IIM-42652, with its 6-axis integration, enables manufacturers to eliminate the costly and complex selection, qualification, and
system level integration of discrete devices, guaranteeing optimal motion performance for customers.

The gyroscope supports eight programmable full-scale range settings from +15.625 dps to £2000 dps, and the accelerometer
supports four programmable full-scale range settings from +2g to +16g. [IM-42652 also supports external clock input for highly
accurate 31 kHz to 50 kHz clocks to reduce system level sensitivity error and reduce ODR sensitivity to temperature and device to
device variation.

Other industry-leading features include on-chip 16-bit ADCs, programmable digital filters, an embedded temperature sensor, and
programmable interrupts. The device features I3C°, 12C, and SPI serial interfaces; a VDD operating range of 1.71V to 3.6V; and a
separate VDDIO operating range of 1.71V to 3.6V.

The host interface can be configured to support 13C°M slave, I12C slave, or SPI slave modes. The I3C*M interface supports speeds up to
12.5 MHz (data rates up to 12.5 Mbps in SDR mode, 25 Mbps in DDR mode), the I>C interface supports speeds up to 1 MHz, and the
SPI interface supports speeds up to 24 MHz.

1IM-42652 also supports external clock input for highly accurate 31 kHz to 50 kHz clocks to reduce system level sensitivity error,
improve orientation measurement from gyroscope data, and reduce ODR sensitivity to temperature and device to device variation.

By leveraging its patented and volume-proven CMOS-MEMS fabrication platform, which integrates MEMS wafers with companion
CMOS electronics through wafer-level bonding, InvenSense has driven the package size down to a footprint and thickness of

2.5 mm x 3 mm x 0.91 mm (14-pin LGA), to provide a very small yet high performance low cost package. The device provides high
robustness by supporting 20,000g shock reliability.

1.3 APPLICATIONS

e Navigation

e  QOrientation measurement
e Tilt sensing

e  Platform stabilization

e  Robotics
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2 FEATURES

2.1

GYROSCOPE FEATURES

The triple-axis MEMS gyroscope in the [IM-42652 includes a wide range of features:

2.2

Digital-output X-, Y-, and Z-axis angular rate sensors (gyroscopes) with programmable full-scale range of +15.625, +31.25,
+62.5, 125, +250, #500, +1000, and +2000 degrees/sec

Low Noise (LN) power mode support

Digitally-programmable low-pass filters

Factory calibrated sensitivity scale factor

Self-test

ACCELEROMETER FEATURES

The triple-axis MEMS accelerometer in 1IM-42652 includes a wide range of features:

2.3

Digital-output X-, Y-, and Z-axis accelerometer with programmable full-scale range of +2g, +4g, +8g and +16g
Low Noise (LN) and Low Power (LP) power modes support

User-programmable interrupts

Wake-on-motion interrupt for low power operation of applications processor

Self-test

MOTION FEATURES

1IM-42652 includes the following motion features, also known as APEX (Advanced Pedometer and Event Detection — neXt gen)

24

Pedometer: tracks step count, also issues step detect interrupt

Tilt Detection: issues an interrupt when the tilt angle exceeds 35° for more than a programmable time

Tap Detection: issues an interrupt when a tap is detected, along with the tap count

Freefall Detection: triggers an interrupt when device freefall is detected and outputs freefall duration

Wake on Motion: detects motion when accelerometer data exceeds a programmable threshold

Significant Motion Detection: detects significant motion if wake on motion events are detected during a programmable time
window

ADDITIONAL FEATURES

1IM-42652 includes the following additional features:

External clock input supports highly accurate clock input from 31 kHz to 50 kHz, helps to reduce system level sensitivity error
2K-byte FIFO buffer enables the applications processor to read the data in bursts

User-programmable digital filters for gyroscope, accelerometer, and temperature sensor

User configurable internal pull-up/pull-downs included on 1/0 interfaces to reduce system costs associated with external
pull-ups/pull-downs

12.5 MHz 13C°M (data rates up to 12.5Mbps in SDR mode, 25Mbps in DDR mode) / 1 MHz I>C / 24 MHz SPI slave host interface
Digital-output temperature sensor

Smallest and thinnest LGA package for Industrial loT applications: 2.5 mm x 3 mm x 0.91 mm (14-pin LGA)

20,000g shock tolerant

MEMS structure hermetically sealed and bonded at wafer level

RoHS and Green compliant
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3 ELECTRICAL CHARACTERISTICS
3.1 GYROSCOPE SPECIFICATIONS

Typical Operating Circuit of section 4.2, VDD = 1.8V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

PARAMETER CONDITIONS ’ MIN ‘ TYP | MAX | UNITS NOTES
GYROSCOPE SENSITIVITY
GYRO_FS_SEL=0 +2000 o/s 2
GYRO_FS_SEL =1 +1000 o/s 2
GYRO_FS_SEL =2 +500 o/s 2
GYRO_FS_SEL =3 +250 /s 2
Full-Scale Range GYRO_FS_SEL =4 +125 o/s 2
GYRO_FS_SEL =5 +62.5 /s 2
GYRO_FS_SEL =6 +31.25 o/s 2
GYRO_FS_SEL =7 +15.625 o/s 2
Gyroscope ADC Word Length 16 bits 2,6
GYRO_FS_SEL=0 16.4 LSB/(2/s) 2
GYRO_FS_SEL =1 32.8 LSB/(2/s) 2
GYRO_FS_SEL =2 65.5 LSB/(2/s) 2
o GYRO_FS_SEL =3 131 LSB/(2/s) 2
Sensitivity Scale Factor GYRO_FS_SEL=4 262 LSB/(2/5) 3
GYRO_FS_SEL =5 524.3 LSB/(2/s) 2
GYRO_FS_SEL =6 1048.6 LSB/(2/s) 2
GYRO_FS_SEL =7 2097.2 LSB/(2/s) 2
Sensitivity Scale Factor Initial Tolerance 25°C 10.5 % 1,5
iz:fliot;\:iat;/usrzale Factor Variation Over A0°C to +105°C +0.005 %/°C 35
Nonlinearity Best fit straight line; 25°C +0.1 % 3,5
Cross-Axis Sensitivity +1.25 % 3,5
ZERO-RATE OUTPUT (ZRO)
Initial ZRO Tolerance Board-level, 25°C +0.5 o/s 3,5
ZRO Variation vs. Temperature -40°C to +105°C +0.02 e/s/eC 3,5
OTHER PARAMETERS
Rate Noise Spectral Density @ 10 Hz 0.0038 o/s VHz 1,5
Total RMS Noise Bandwidth = 100 Hz 0.038 2/s-rms 4,5
Gyroscope Mechanical Frequencies 25 27 29 KHz 1
Low Pass Filter Response ODR < 1 kiz > >00 Hz 2
ODR 21 kHz 42 3979 Hz 2
Gyroscope Start-Up Time Time from gyro enable to gyro drive ready 30 ms 3,5
Output Data Rate 12.5 32000 Hz 2

Table 1. Gyroscope Specifications

Notes:

Tested in production.

Guaranteed by design.

Derived from validation or characterization of parts, not tested in production.
Calculated from Rate Noise Spectral Density.

MIN/MAX or MAX specs are derived from characterization data based 30 calculation.
20-bits data format supported in FIFO, see section 6.1.

ou s W
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3.2 ACCELEROMETER SPECIFICATIONS

Typical Operating Circuit of section 4.2, VDD = 1.8V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

PARAMETER CONDITIONS ‘ MIN ‘ TYP ‘ MAX ‘ UNITS NOTES
ACCELEROMETER SENSITIVITY
ACCEL_FS_SEL =0 +16 g 2
Full-Scale Range ACCEL_FS_SEL =1 *8 9 2
ACCEL_FS_SEL =2 +4 g 2
ACCEL_FS_SEL =3 +2 g 2
ADC Word Length Output in two’s complement format 16 bits 2,6
ACCEL_FS_SEL =0 2,048 LSB/g 2
ACCEL_FS_SEL =1 4,096 LSB/g 2
Sensitivity Scale Factor
ACCEL_FS_SEL =2 8,192 LSB/g 2
ACCEL_FS_SEL =3 16,384 LSB/g 2
Sensitivity Scale Factor Initial Tolerance Component-level +0.5 % 1,5
Sensitivity Change vs. Temperature -40°C to +105°C +0.005 %/°C 3,5
Nonlinearity Best Fit Straight Line, +2g 0.1 % 3,5
Cross-Axis Sensitivity +1 % 3,5
ZERO-G OUTPUT
Initial Tolerance Board-level, all axes +20 mg 3,5
Zero-G Level Change vs. Temperature -40°C to +105°C +0.15 mg/2C 3,5
OTHER PARAMETERS
Power Spectral Density @ 10 Hz 70 ug/VHz 1,5
RMS Noise Bandwidth = 100 Hz 0.70 mg-rms 4,5
Low-Pass Filter Response ODR <1 kHz > 200 Hz 2
ODR 2 1 kHz 42 3979 Hz 2
Accelerometer Startup Time From sleep mode to valid data 10 ms 3,5
Output Data Rate 12.5 32000 Hz 2

Table 2. Accelerometer Specifications

Derived from validation or characterization of parts, not tested in production.

MIN/MAX or MAX specs are derived from characterization data based 3o calculation.

Notes:
1. Tested in production.
2. Guaranteed by design.
3.
4.  Calculated from Power Spectral Density.
5.
6.

20-bits data format supported in FIFO, see section 6.1.
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3.3  ELECTRICAL SPECIFICATIONS

3.3.1 D.C. Electrical Characteristics

Typical Operating Circuit of section 4.2, VDD = 1.8V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

PARAMETER CONDITIONS | MIN | TYP MAX ‘ UNITS ‘ NOTES
SUPPLY VOLTAGES
VDD 1.71 1.8 3.6 \% 1
VvDDIO 1.71 1.8 3.6 \% 1
SUPPLY CURRENTS
6-Axis Gyroscope + Accelerometer 0.88 mA 2,3
Low-Noise Mode 3-Axis Accelerometer 0.28 mA 2,3
3-Axis Gyroscope 0.73 mA 2,3
Full-Chip Sleep Mode At 25¢C 7.5 A 2,3
TEMPERATURE RANGE
Specified Temperature Range Performance parameters are not applicable N
o -40 +105 c 2
beyond Specified Temperature Range

Notes:
1.  Guaranteed by design.

Table 3. D.C. Electrical Characteristics

2.  Derived from validation or characterization of parts, not tested in production.

3. MIN/MAX or MAX specs are derived from characterization data based 3o calculation.
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3.3.2 A.C. Electrical Characteristics

Typical Operating Circuit of section 4.2, VDD = 1.8V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES
SUPPLIES
Supply Ramp Time mzr;ic:;n\:;zaemp. Ramp rate is 10% to 90% of 0.01 3 ms )
Power Supply Noise Up to 10 kHz 10 50 mv 1
peak-peak
TEMPERATURE SENSOR
Operating Range Ambient -40 105 °C 2
25°C Output 0 LSB 3
ADC Resolution 16 bits 2
ODR With Filter 25 8000 Hz 2
Room Temperature Offset 25°C -5 5 °C 3
Stabilization Time 14000 ys 2
Sensitivity Untrimmed 132.48 LSB/°C 1
Sensitivity for FIFO data 2.07 LSB/°C 1
POWER-ON RESET
Start-up time for register read/write | From power-up 1 ms 1
12C ADDRESS
AP_ADO=0 1101000
°C ADDRESS AP_ADO =1 1101001
DIGITAL INPUTS (FSYNC, SCLK, SDI, CS)
Vi, High Level Input Voltage 0.7*VDDIO Y]
V., Low Level Input Voltage 0.3*VDDIO Y]
C,, Input Capacitance <10 pF !
Input Leakage Current 100 nA
DIGITAL OUTPUT (SDO, INT1, INT2)
Vou, High Level Output Voltage Rioan=1 MQ; 0.9*VDDIO Y]
Vou1, LOW-Level Output Voltage Rioan=1 MQ; 0.1*VDDIO Vv
VoL, INT Low-Level Output Voltage OPEN=1, 0.3 mA sink 0.1 %
Current !
Output Leakage Current OPEN=1 100 nA
tivr, INT Pulse Width int_tpulse_duration=0, 1 (100us, 8us ) ; 8 100 us
12C1/0 (SCL, SDA)
V., LOW-Level Input Voltage 05V 0.3*VDDIO Vv
Vi, HIGH-Level Input Voltage 0.7*VDDIO VDDIO + Vv
0.5V
Vhys, Hysteresis 0.1*vDDIO Vv
VoL, LOW-Level Output Voltage 3 mA sink current 0 0.4 Y 1
lo,, LOW-Level Output Current Voi=0.4V 3 mA
Vo=0.6V 6 mA
Output Leakage Current 100 nA
tor, Output Fall Time from Vigmax t0 Vitmax Cy bus capacitance in pf 20+0.1C, 300 ns
INTERNAL CLOCK SOURCE
. CLKSEL="2b00 or gyro inactive; 25°C -3 +3 % 1
Clock Frequency Initial Tolerance
CLK_SEL="2b01 and gyro active; 25°C -1.5 +1.5 % 1
- CLK_SEL="2b00 or gyro inactive; -40°C to +85°C +3 % 1
Frequency Variation over Temperature
CLK_SEL="2b01 and gyro active; -40°C to +85°C +2 % 1

Notes:

Table 4. A.C. Electrical Characteristics

1.  Expected results based on design, will be updated after characterization. Not tested in production.

2. Guaranteed by design.
3. Production tested.
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3.4 I’CTIMING CHARACTERIZATION

Typical Operating Circuit of section 4.2, VDD = 1.8V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

Parameters Conditions Min Typical Max Units Notes
12C TIMING 12C FAST-MODE PLUS

fsci, SCL Clock Frequency 1 MHz 1
tho.sta, (Repeated) START Condition Hold Time 0.26 us 1
tiow, SCL Low Period 0.5 s 1
thieh, SCL High Period 0.26 us 1
tsusta, Repeated START Condition Setup Time 0.26 us 1
tup.oat, SDA Data Hold Time 0 us 1
tsu.oat, SDA Data Setup Time 50 ns 1
tr, SDA and SCL Rise Time Cb bus cap. from 10 to 400 pF 120 ns 1
tr, SDA and SCL Fall Time Cs bus cap. from 10 to 400 pF 120 ns 1
tsu.sto, STOP Condition Setup Time 0.5 us 1
tsur, Bus Free Time Between STOP and START

Condition 0.5 us 1
Cb, Capacitive Load for each Bus Line <400 pF 1
tvo.oat, Data Valid Time 0.45 us 1
tvo.ack, Data Valid Acknowledge Time 0.45 us 1

Notes:

Table 5. I2C Timing Characteristics

1. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets
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Figure 1. IC Bus Timing Diagram
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3.5 SPITIMING CHARACTERIZATION - 4-WIRE SPI MODE
Typical Operating Circuit of section 4.2, VDD = 1.8V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

PARAMETERS CONDITIONS MIN TYP MAX UNITS NOTES

SPI TIMING

fsec, SCLK Clock Frequency Default 24 MHz 1
tiow, SCLK Low Period 17 ns 1
thign, SCLK High Period 17 ns 1
tsu.cs, CS Setup Time 39 ns 1
trp.cs, CS Hold Time 18 ns 1
tsu.soi, SDI Setup Time 13 ns 1
trp.soi, SDI Hold Time 8 ns 1
tvo.spo, SDO Valid Time Cioad = 20 pF 21.5 ns 1
tho.soo, SDO Hold Time Cioad = 20 pF 3.5 ns 1
tois.spo, SDO Output Disable Time 28 ns 1

Table 6. 4-Wire SPI Timing Characteristics (24-MHz Operation)

Notes:
1. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets
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Figure 2. 4-Wire SPI Bus Timing Diagram
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3.6 SPITIMING CHARACTERIZATION - 3-WIRE SPI MODE
Typical Operating Circuit of section 4.2, VDD = 1.8 V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

PARAMETERS CONDITIONS MIN TYP MAX UNITS NOTES

SPI TIMING

fsec, SCLK Clock Frequency Default 24 MHz 1
tiow, SCLK Low Period 17 ns 1
thign, SCLK High Period 17 ns 1
tsu.cs, CS Setup Time 39 ns 1
trp.cs, CS Hold Time 5 ns 1
tsu.soio, SDIO Input Setup Time 13 ns 1
trp.soio, SDIO Input Hold Time 8 ns 1
tvo.soio, SDIO Output Valid Time Cioad = 20 pF 18.5 ns 1
trp.soio, SDIO Output Hold Time Cioad = 20 pF 3.5 ns 1
tois.soio, SDIO Output Disable Time 28 ns 1

Table 7. 3-Wire SPI Timing Characteristics (24-MHz Operation)

Notes:
1. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets
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30% Sr
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|
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Figure 3. 3-Wire SPI Bus Timing Diagram
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3.7 RTC(CLKIN) TIMING CHARACTERIZATION

Typical Operating Circuit of section 4.2, VDD = 1.8V, VDDIO = 1.8 V, Ta=25°C, unless otherwise noted.

PARAMETERS CONDITIONS MIN TYP MAX UNITS NOTES
RTC (CLKIN) TIMING
Frrc, RTC Clock Frequency Default 31 32 50 kHz 1
triehrte, RTC Clock High Period 1 us 1
triserrc, RTC Clock Rise Time 5 500 ns 1
trawrre, RTC Clock Fall Time 5 500 ns 1

Notes:

Table 8. RTC Timing Characteristics

1. Based on characterization. Not tested in production.
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Figure 4. RTC Timing Diagram
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3.8 ABSOLUTE MAXIMUM RATINGS

Stress above those listed as “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these conditions is not implied. Exposure to the absolute maximum ratings conditions for
extended periods may affect device reliability. Prolonged exposure to acceleration ranges beyond +60g may affect device reliability.

PARAMETER RATING
Supply Voltage, VDD -0.5V to +4V
Supply Voltage, VDDIO -0.5V to +4V
Input Voltage Level (FSYNC, SCL, SDA) -0.5V to VDDIO + 0.5V
Acceleration (Any Axis, unpowered) 20,000g for 0.2 ms
Operating Temperature Range -40°C to +105°C
Storage Temperature Range -40°Cto +125°C
2 kV (HBM);
Electrostatic Discharge (ESD) Protection
500V (CDM)
JEDEC Class Il (2),125°C
Latch-up
+100 mA

Table 9. Absolute Maximum Ratings
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4 APPLICATIONS INFORMATION

4.1 PIN OUT DIAGRAM AND SIGNAL DESCRIPTION
PIN NUMBER PIN NAME PIN DESCRIPTION PIN STATUS
By default, pull-up/pull-down is disabled. Pull-up can be
enabled by setting PIN1_PU_EN = 1 (register OxOEh in
1 AP_SDO / AP_ADO AP_SDO: AP SPI serial data output (4-wire mode); Bank 3). Pull-down can be enabled by setting
= = AP_ADO: AP I13C*™ / I°C slave address LSB PIN1_PD_EN =1 (register OxOEh in Bank 3). Note that
both pull-up and pull-down must not be simultaneously
enabled for the same pin.
By default, pull-up is disabled. Pull-up can be enabled by
2 RESV No Connect or Connect to GND setting PIN2_PU_EN = 1 (register 0x06h in Bank 3).
By default, pull-up is disabled. Pull-up can be enabled by
3 RESV No Connect or Connect to GND setting PIN3_PU_EN = 1 (register 0x06h in Bank 3).
. . . By default, pull-down is disabled. Pull-down can be
4 INT1/INT INTL: Interrupt 1 (Note: INT1 can be push-pull oropen drain) | 10 4 1 catting PINA_PD_EN = 1 (register 0x06h in
INT: All interrupts mapped to pin 4
Bank 3).
5 VDDIO 10 power supply voltage
6 GND Power supply ground
By default, pull-up is disabled. Pull-up can be enabled by
7 RESV Connect to GND setting PIN7_PU_EN = 1 (register 0x06h in Bank 3) and it
can be disabled by setting PIN7_PU_EN = 0.
8 VDD Power supply voltage
INT2: Interrupt 2 (Note: INT2 can be push-pull or open drain) | By default, pull-down is disabled.
9 INT2 / FSYNC / CLKIN FSYNC: Frame sync input; Connect to GND if FSYNC not used | Pull-down can be enabled by setting PIN9_PD_EN =1
CLKIN: External Clock Input (register 0x06h in Bank 3).
By default, pull-up is enabled.
10 RESV No Connect o Connect to GND .Pull—up can be disabled b.y setting PIN10_PU_EN = 0 and
it can be enabled by setting PIN10_PU_EN = 1 (register
0x06h in Bank 3).
By default, pull-up is enabled.
Pull-up can be disabled by setting PIN11_PU_EN =0 and
11 RESV No Connect or Connect to GND -
it can be enabled by setting PIN11_PU_EN =1 (register
0x06h in Bank 3).
By default, pull-up is enabled. Pull-up can be disabled by
setting PIN12_PU_EN = O (register OxOEh in Bank 3).
12 AP CS AP SPI Chip select (AP SPI interface); Connect to VDDIO if | Pull-down can be enabled by setting PIN12_PD_EN =1
- using AP I3CSM / I2C interface (register OxOEh in Bank 3). Note that both pull-up and
pull-down must not be simultaneously enabled for the
same pin.
By default, pull-up/pull-down is disabled. Pull-up can be
enabled by setting PIN13_PU_EN = 1 (register OxOEh in
AP_SCL: AP 13C*M / I2C serial clock; AP_SCLK: AP SPI serial | Bank 3). Pull-down can be enabled by setting
13 AP_SCL/ AP_SCLK clock PIN13_PD_EN =1 (register OxOEh in Bank 3). Note that
both pull-up and pull-down must not be simultaneously
enabled for the same pin.
By default, pull-up/pull-down is disabled. Pull-up can be
AP_SDA: AP I13C™ / I2C serial data; AP_SDIO: AP SPI serial | Sn2bled by setting PIN14_PU_EN =1 (register OxOEh in
14 AP_SDA / AP_SDIO / data 1/0 (3-wire mode); AP_SDI: AP SPI serial data input (4- Bank 3). Pull-down can be enabled by setting
AP_SDI wire mode) T P PIN14_PD_EN =1 (register OxOEh in Bank 3). Note that
both pull-up and pull-down must not be simultaneously
enabled for the same pin.

Table 10. Signal Descriptions
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14 | AP_SDA/AP_SDIO/ AP_SDI
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Figure 5. Pin Out Diagram for 1iIM-42652 2.5 mm x 3.0 mm x 0.91 mm LGA

4.2 TYPICAL OPERATING CIRCUIT
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Figure 6. 1IM-42652 Application Schematic (13C°™ / 12C Interface to Host)

Note: I2C lines are open drain and pull-up resistors (e.g. 10 kQ) are required.
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Figure 7. 1IM-42652 Application Schematic (SPI Interface to Host)
4.3 BILL OF MATERIALS FOR EXTERNAL COMPONENTS

COMPONENT LABEL SPECIFICATION QUANTITY
. C1 X7R, 0.1pF +10% 1
VDD Bypass Capacitors
c2 X7R, 2.2pF +10% 1
VDDIO Bypass Capacitor C3 X7R, 10nF +10% 1

Table 11. Bill of Materials
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4.4 SYSTEM BLOCK DIAGRAM

I3CSW/I2C/SPI

AP/MCU N2 IM42652

F W
v

Figure 8. 1IM-42652 System Block Diagram

Note: The above block diagram is an example. Please refer to the pin-out (section 4.1) for other configuration options.
4.5 OVERVIEW
The [IM-42652 is comprised of the following key blocks and functions:

e  Three-axis MEMS rate gyroscope sensor with 16-bit ADCs and signal conditioning

o  20-bits data format support in FIFO for high-data resolution (see section 6 for details)
e  Three-axis MEMS accelerometer sensor with 16-bit ADCs and signal conditioning

o  20-bits data format support in FIFO for high-data resolution (see section 6 for details)
e I3C°M I2C, and SPI serial communications interfaces to Host

o Self-Test

e Clocking

e Sensor Data Registers
e FIFO

e Interrupts

e Digital-Output Temperature Sensor
e Biasand LDOs

e Charge Pump

e Standard Power Modes

4.6 THREE-AXIS MEMS GYROSCOPE WITH 16-BIT ADCS AND SIGNAL CONDITIONING

The [IM-42652 includes a vibratory MEMS rate gyroscope, which detects rotation about the X-, Y-, and Z- Axes. When the gyroscope
is rotated about any of the sense axes, the Coriolis Effect causes a vibration that is detected by a capacitive pickoff. The resulting
signal is amplified, demodulated, and filtered to produce a voltage that is proportional to the angular rate. This voltage is digitized
using on-chip Analog-to-Digital Converters (ADCs) to sample each axis. The full-scale range of the gyro sensors may be digitally
programmed to +15.625, £31.25, +62.5, +125, +250, £500, £1000, and +2000 degrees per second (dps).

4.7 THREE-AXIS MEMS ACCELEROMETER WITH 16-BIT ADCS AND SIGNAL CONDITIONING

The [IM-42652 includes a 3-Axis MEMS accelerometer. Acceleration along a particular axis induces displacement of a proof mass in
the MEMS structure, and capacitive sensors detect the displacement. The 1IM-42652 architecture reduces the accelerometers’
susceptibility to fabrication variations as well as to thermal drift. When the device is placed on a flat surface, it will measure Og on
the X- and Y-axes and +1g on the Z-axis. The accelerometers’ scale factor is calibrated at the factory and is nominally independent of
supply voltage. The full-scale range of the digital output can be adjusted to +2g, +4g, +8g and +16g.

4.8 13C°M, I’C, AND SPI HOST INTERFACE

The 1IM-42652 communicates to the application processor using an I3C*M, I2C, or SPI serial interface. The [IM-42652 always acts as a
slave when communicating to the application processor.

4.9  SELF-TEST

Self-test allows for the testing of the mechanical and electrical portions of the sensors. The self-test for each measurement axis can
be activated by means of the gyroscope and accelerometer self-test registers.

When the self-test is activated, the electronics cause the sensors to be actuated and produce an output signal. The output signal is
used to observe the self-test response.
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The self-test response is defined as follows:

SELF-TEST RESPONSE = SENSOR OUTPUT WITH SELF-TEST ENABLED — SENSOR OUTPUT WITH SELF-TEST DISABLED

When the value of the self-test response is within the specified min/max limits of the product specification, the part has passed self-
test. When the self-test response exceeds the min/max values, the part is deemed to have failed self-test.

4.10 CLOCKING

The [IM-42652 has a flexible clocking scheme, allowing the following internal clock sources to be used for the internal synchronous
circuitry. This synchronous circuitry includes signal conditioning, ADCs, and various control circuits and registers.

The CLKIN pin on IIM-42652 provides the ability to input an external clock. A highly accurate external clock may be used rather than
the internal clock sources, if greater clock accuracy is desired. External clock input supports highly accurate clock input from 31 kHz
to 50 kHz, resulting in improvement of the following:

e  ODR uncertainty due to process, temperature, operating mode (PLL vs. RCOSC), and design limitations. This uncertainty can
be as high as £8% in RCOSC mode and 1% in PLL mode. The CLKIN, assuming a 50 ppm or better 32.768 kHz source, will
improve the ODR accuracy from £80,000 ppm to £50 ppm in RCOSC mode, or from +10,000 ppm to +50 ppm in PLL mode.

e System level sensitivity error. Any clock uncertainty directly impacts gyroscope sensitivity at the system level. Sophisticated
systems can estimate ODR inaccuracy to some extent, but not to the extent improved by using CLKIN.

e System-level clock/sensor synchronization. When using CLKIN, the accelerometer and gyroscope are on the same clock as
the host. There is no need to continually re-synchronize the sensor data as the sensor sample points and period are in exact
alignment with the common system clock.

e Other applications that benefit from CLKIN include navigation, robotics.

Allowable internal sources for generating the internal clock are:

a) Aninternal relaxation oscillator
b) Auto-select between internal relaxation oscillator and gyroscope MEMS oscillator to use the best available source

The only setting supporting specified performance in all modes is option b). Option b) is recommended when using the internal clock
source.

4.11 SENSOR DATA REGISTERS

The sensor data registers contain the latest gyroscope, accelerometer, and temperature measurement data. They are read-only
registers and are accessed via the serial interface. Data from these registers may be read anytime.

4.12 INTERRUPTS

Interrupt functionality is configured via the Interrupt Configuration register. Items that are configurable include the interrupt pins
configuration, the interrupt latching and clearing method, and triggers for the interrupt. Items that can trigger an interrupt are (1)
clock generator locked to new reference oscillator (used when switching clock sources); (2) new data is available to be read (from
the FIFO and Data registers); (3) accelerometer event interrupts; (4) FIFO watermark; (5) FIFO overflow. The interrupt status can be
read from the Interrupt Status register.

4.13 DIGITAL-OUTPUT TEMPERATURE SENSOR

An on-chip temperature sensor and ADC are used to measure the 1IM-42652 die temperature. The readings from the ADC can be
read from the FIFO or the Sensor Data registers.

Temperature data value from the sensor data registers can be converted to degrees centigrade by using the following formula:
Temperature in Degrees Centigrade = (TEMP_DATA / 132.48) + 25

FIFO_TEMP_DATA, temperature data stored in FIFO, can be 8-bit or 16-it quantity. The 8-bit of temperature data stored in FIFO is
limited to -40°C to 85°C range, while the 16-bit representation can support the full operating temperature range. It can be converted
to degrees centigrade by using the following formula:

Temperature in Degrees Centigrade = (FIFO_TEMP_DATA / 2.07) + 25
4.14 BIAS AND LDOS

The bias and LDO section generate the internal supply and the reference voltages and currents required by the 1IM-42652.
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4.15 CHARGE PUMP

An on-chip charge pump generates the high voltage required for the MEMS oscillator.

4.16 STANDARD POWER MODES

Table 12 lists the user-accessible power modes for [IM-42652.

MODE NAME GYRO ACCEL

1 Sleep Mode Off Off
2 Standby Mode Drive On Off
3 Accelerometer Low-Power Mode Off Duty-Cycled
4 Accelerometer Low-Noise Mode Off On
5 Gyroscope Low-Noise Mode On Off
6 6-Axis Low-Noise Mode On On

Table 12. Standard Power Modes for 1IM-42652
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5 SIGNAL PATH

The following figure shows a block diagram of the signal path for [IM-42652.

IIM-42652

Gyro Only
Decimation AL Ul Interface
Anti-Alias User ;
ADC  —»|  Filter Notch Filter 0 > b b > Ul Filter Block Sensor
(32kHz) Filter (AAF) R (order, BW, ODR) Registers
1 »
FSR Selection
GYRO_NF_DIS AAF_DIS

Figure 9. 1IM-42652 Signal Path

The signal path starts with ADCs for the gyroscope and accelerometer. Other components of the signal path are described in section
5.1 in further detail.
5.1 SUMMARY OF PARAMETERS USED TO CONFIGURE THE SIGNAL PATH

Table 13 shows the parameters that can control the signal path.

PARAMETER NAME DESCRIPTION

GYRO_AAF_DIS
GYRO_AAF_DELT
GYRO_AAF_DELTSQR

Disables the Gyroscope Anti Alias Filter (AAF)
Three parameters required to program the gyroscope AAF. This is a 2" order filter with programmable
low pass filter. This is a user programmable filter which can be used to select the desired BW. This filter

GYRO_AAF_BITSHIFT

allows trading off RMS noise vs. latency for a given ODR.

ACCEL_AAF_DIS

Disables the Accelerometer Anti Alias Filter

ACCEL_AAF_DELT
ACCEL_AAF_DELTSQR
ACCEL_AAF_BITSHIFT

Three parameters required to program the accelerometer AAF. This is a 2" order filter with
programmable low pass filter. This is a user programmable filter which can be used to select the desired
BW. This filter allows trading off RMS noise vs. latency for a given ODR.

GYRO_NF_DIS

Disables the gyro Notch Filter

Factory trimmed parameters, designed to position a Notch at or near the sense peak frequency of Gyro.
This allows the user to suppress only sense peak contribution to noise, while still maintaining a low
latency high BW/ODR interface from the Sensor. This filter is available only in gyro, and the parameters
for X, Y, and Z are chosen independently.

Factory trimmed parameter to cancel noise created by sense peak from gyro. This parameter is common
to all three axes

GYRO_X/Y/Z_NF_COSWZ
GYRO_X/Y/Z_NF_COSWZ_SEL

GYRO_NF_BW_SEL

Table 13. Signal path parameters

5.2 NOTCH FILTER

The Notch Filter is only supported for the gyroscope signal path. The following steps can be used to program the notch filter. Note
that the notch filter is specific to each axis in the gyroscope, so the X-, Y-, and Z-axis can be programmed independently.

5.2.1  Frequency of Notch Filter (each axis)

To operate the Notch filter, two parameters NF_COSWZ, and NF_COSWZ_SEL must be programmed for each gyroscope axis.

Parameters NF_COSWZ are defined for each axis of the gyroscope as GYRO_X_NF_COSWZ (register bank 1, register OxOFh & register
0x12h), GYRO_Y_NF_COSWZ (register bank 1, register Ox10h & register 0x12h), GYRO_Z_NF_COSWZ (register bank 1, register 0x11h
& register 0x12h). Note that the parameters have 9-bit values across two different registers.

Parameters NF_COSWZ_SEL are defined for each axis of the gyroscope as GYRO_X_NF_COSWZ_SEL (register bank 1, register 0x12h,

bit 3), GYRO_Y_NF_COSWZ_SEL (register bank 1, register 0x12h, bit 4), GYRO_Z_NF_COSWZ_SEL (register bank 1, register 0x12h,
bit 5).

Each value must be calculated using the steps described below and programmed into the corresponding register locations
mentioned above.
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fdesired is the desired frequency of the Notch Filter in kHz. The lower bound for fdesired is 1 kHz, and the upper bound is 3 kHz.
Operating the notch filter outside this range is not supported.

Stepl: COSWZ = cos(2*pi*fdesired/8)
Step2:
If abs(COSWZ)<0.875
NF_COSW?Z = round[COSWZ*256]
NF_COSWZ_SEL =0

else
NF_COSWZ_SEL=1
if COSWZ > 0.875
NF_COSW?Z = round [8*(1-COSWZ)*256]
else if COSWZ < -0.875
NF_COSWZ = round [-8*(1+COSWZ)*256]
end
End

5.2.2  Bandwidth of Notch Filter (common to all axes)

The notch filter allows the user to control the width of the notch from eight possible values using a 3-bit parameter
GYRO_NF_BW_SEL in register bank 1, register 0x13h, bits 6:4. This parameter is common to all three axes.

GYRO_NF_BW_SEL NOTCH FILTER BANDWIDTH (HZ)

1449

680
329
162

80

40
20
10

N | oo || W|IN|RL|O

The notch filter can be selected or bypassed by using the parameter GYRO_NF_DIS in register bank 1, register 0x0OBh, bit 0 as shown
below.

GYRO_NF_DIS FUNCTION
0 Enable notch filter
1 Disable notch filter

5.3  ANTI-ALIAS FILTER
To program the anti-alias filter for a required bandwidth, use the table below to map the bandwidth to register values as shown:

e  Register bank 2, register 0x03h, bits 6:1, ACCEL_AAF_DELT: Code from 1 to 63 that allows programming the
bandwidth for accelerometer anti-alias filter

e  Register bank 2, register 0x04h, bits 7:0 and Bank 2, register 0x05h, bits 3:0, ACCEL_AAF_DELTSQR: Square of the
delt value for accelerometer

e  Register bank 2, register 0x05h, bits 7:4, ACCEL_AAF_BITSHIFT: Bitshift value for accelerometer used in hardware
implementation

e Register bank 1, register 0xOCh, bits 5:0, GYRO_AAF_DELT: Code from 1 to 63 that allows programming the
bandwidth for gyroscope anti-alias filter

e Register bank 1, register 0xODh, bits 7:0 and Bank 1, register OxOEh, bits 3:0, GYRO_AAF_DELTSQR: Square of the
delt value for gyroscope

e Register bank 1, register 0xOEh, bits 7:4, GYRO_AAF_BITSHIFT: Bitshift value for gyroscope used in hardware
implementation
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42 1 1 15
84 2 4 13
126 3 9 12
170 4 16 11
213 5 25 10
258 6 36 10
303 7 49 9
348 8 64 9
394 9 81 9
441 10 100 8
488 11 122 8
536 12 144 8
585 13 170 8
634 14 196 7
684 15 224 7
734 16 256 7
785 17 288 7
837 18 324 7
890 19 360 6
943 20 400 6
997 21 440 6
1051 22 488 6
1107 23 528 6
1163 24 576 6
1220 25 624 6
1277 26 680 6
1336 27 736 5
1395 28 784 5
1454 29 848 5
1515 30 896 5
1577 31 960 5
1639 32 1024 5
1702 33 1088 5
1766 34 1152 5
1830 35 1232 5
1896 36 1296 5
1962 37 1376 4
2029 38 1440 4
2097 39 1536 4
2166 40 1600 4
2235 41 1696 4
2306 42 1760 4
2377 43 1856 4
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soomvomm vy | A AERET | A ety | A A
2449 44 1952 4
2522 45 2016 4
2596 46 2112 4
2671 47 2208 4
2746 48 2304 4
2823 49 2400 4
2900 50 2496 4
2978 51 2592 4
3057 52 2720 4
3137 53 2816 3
3217 54 2944 3
3299 55 3008 3
3381 56 3136 3
3464 57 3264 3
3548 58 3392 3
3633 59 3456 3
3718 60 3584 3
3805 61 3712 3
3892 62 3840 3
3979 63 3968 3

The anti-alias filter can be selected or bypassed for the gyroscope by using the parameter GYRO_AAF_DIS in register bank 1, register
0x0Bh, bit 1 as shown below.

GYRO_AAF_DIS FUNCTION
0 Enable gyroscope anti-aliasing filter
1 Disable gyroscope anti-aliasing filter

The anti-alias filter can be selected or bypassed for the accelerometer by using the parameter ACCEL_AAF_DIS in register bank 2,
register 0x03h, bit 0 as shown below.

ACCEL_AAF_DIS FUNCTION
0 Enable accelerometer anti-aliasing filter
1 Disable accelerometer anti-aliasing filter

5.4 USER PROGRAMMABLE OFFSET

Gyroscope and accelerometer offsets can be programmed by the user by using registers OFFSET_USERO, through OFFSET_USERS, in
bank 0, registers 0x77h through 0x7Fh (bank 4) as shown below.

REGISTER ADDRESS REGISTER NAME BITS FUNCTION
Lower bits of X-gyro offset programmed by user. Max
77h FFSET ER 7:

Ox OFFSET_USERO 0 value is 64 dps, resolution is 1/32 dps.
Upper bits of X-gyro offset programmed by user. Max

3:0 value is 64 dps, resolution is 1/32 dps

0x78h OFFSET_USER1 - o2 O, ps.
7.4 Upper bits of Y-gyro offset programmed by user. Max

value is 64 dps, resolution is 1/32 dps.
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REGISTER ADDRESS REGISTER NAME BITS FUNCTION
0x79h OFFSET_USER2 7:0 Lower bits of.Y-gyro offset prograr’qmed by user. Max
value is 64 dps, resolution is 1/32 dps.
0x7Ah OFFSET USER3 7:0 Lower bits of'Z—gyro offset prograr‘qmed by user. Max
- value is 64 dps, resolution is 1/32 dps.
Upper bits of Z-gyro offset programmed by user. Max
3:0 value is 64 dps, resolution is 1/32 dps
0x7Bh OFFSET_USER4 : =52 aps, pS.
7.4 Upper bits of X-accel offset programmed by user. Max
' value is £1 g, resolution is 0.5 mg.
ox7¢h OFFSET USERS 7:0 Lower bits of X—acheI offset prqgrammed by user. Max
- value is 1 g, resolution is 0.5 mg.
0x7Dh OFFSET_USER6 7:0 Lower bits of Y-a.ccel offset pro.grarnmed by user. Max
value is £1 g, resolution is 0.5 mg.
3.0 Upper bits of Y-accel offset programmed by user. Max
: 4 S
Ox7ER OFESET USER7 : value is 1 g, resolution is 0.5 mg.
- 7.4 Upper bits of Z-accel offset programmed by user. Max
) value is 1 g, resolution is 0.5 mg.
Ox7Eh OFFSET_USERS 7:0 Lower bits of Z-ac.cel offset prog.rarr:nmed by user. Max
value is £1 g, resolution is 0.5 g.

5.5 UIFILTER BLOCK

The Ul filter block can be programmed to select filter order and bandwidth independently for gyroscope and accelerometer.

Gyroscope filter order can be selected by programming the parameter GYRO_UI_FILT_ORD in register bank 0, register 0x51h, bits

3:2, as shown below.

GYRO_UI_FILT_ORD FILTER ORDER
00 1%t order
01 2" order
10 3 order
11 Reserved

Accelerometer filter order can be selected by programming the parameter ACCEL_UI_FILT_ORD in register bank 0, register 0x53h,

bits 4:3, as shown below.

ACCEL_UI_FILT_ORD FILTER ORDER
00 1t order
01 2" order
10 3" order
11 Reserved

Gyroscope and accelerometer filter 3dB bandwidth can be selected by programming the parameter GYRO_UI_FILT_BW in register
bank 0, register 0x52h, bits 3:0, and the parameter ACCEL_UI_FILT_BW in register bank 0, register 0x52h, bits 7:4, as shown below.
The values shown in bold correspond to low noise and the values shown in italics correspond to low latency. User can select the

appropriate setting based on the application requirements for power and latency. Corresponding Noise Bandwidth (NBW) and
Group Delay values are also shown.

5.5.1 1%t Order Filter 3dB Bandwidth, Noise Bandwidth (NBW), Group Delay

3dB Bandwidth (Hz) for GYRO/ACCEL_UI_FILT_ORD=0 (1st order filter)

GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(H2) 0 ‘ 1 | | 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 14 ‘ 15
1 32000 8400.0
2 16000 4194.1
3 8000 2096.30
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4 4000 1048.10

5 2000 524.00

6 1000 498.30 | 227.20 | 188.90 | 111.00 92.40 | 59.60 | 48.80 | 23.90 | 262.00 | 2096.30
15 500 249.10 113.60 94.40 55.50 46.20 | 29.80 | 24.40 | 11.90 131.00 1048.10
7 200 99.60 90.90 75.50 44.40 37.00 | 23.80 | 19.50 9.60 | 104.80 419.20
8 100 49.80 90.90 75.50 44.40 37.00 | 23.80 | 19.50 9.60 104.80 209.60
9 50 24.90 90.90 75.50 44.40 37.00 | 23.80 | 19.50 9.60 104.80 104.80
10 25 12.50 90.90 75.50 44.40 37.00 | 23.80 | 19.50 9.60 104.80 52.40
11 12.5 12.50 90.90 75.50 44.40 37.00 | 23.80 | 19.50 9.60 | 104.80 52.40

NBW Bandwidth (Hz) for GYRO/ACCEL_UI_FILT_ORD=0 (1st order filter)
GYRO/ACCEL_UI_FILT BW
GYRO/ACCEL_ODR ODR(Hz) 0 ‘ 1 | 2 | 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 14 ‘ 15

1 32000 8831.7

2 16000 4410.6

3 8000 2204.6

4 4000 1102.2

5 2000 551.1

6 1000 551.1 230.8 196.3 126.5 108.9 75.8 64.1 34.1 275.6 2204.6
15 500 280.5 115.4 98.2 63.3 54.5 37.9 32.1 17.1 137.8 1102.2
7 200 112.2 92.4 78.5 50.6 43.6 30.3 25.7 13.7 110.3 440.9
8 100 56.1 92.4 78.5 50.6 43.6 30.3 25.7 13.7 110.3 220.5
9 50 28.1 92.4 78.5 50.6 43.6 30.3 25.7 13.7 110.3 110.3
10 25 14.1 92.4 78.5 50.6 43.6 30.3 25.7 13.7 110.3 55.2
11 125 14.1 92.4 78.5 50.6 43.6 30.3 25.7 13.7 110.3 55.2

Group Delay @DC (ms) for GYRO/ACCEL_UI_FILT_ORD=0 (1st order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(Hz) 0 ‘ 1 | 2 | 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 14 ‘ 15

1 32000 0.1

2 16000 0.1

3 8000 0.2

4 4000 0.4

5 2000 0.8

6 1000 0.6 1.8 2.0 2.8 3.1 4.1 4.7 8.1 1.5 0.2
15 500 1.1 3.6 4.0 5.5 6.1 8.1 9.3 16.2 3.0 0.4
7 200 2.7 4.4 5.0 6.8 7.6 10.2 11.7 20.3 3.8 1.0
8 100 5.3 4.4 5.0 6.8 7.6 10.2 11.7 20.3 3.8 1.9
9 50 10.5 4.4 5.0 6.8 7.6 10.2 11.7 20.3 3.8 3.8
10 25 21.0 4.4 5.0 6.8 76 | 102 | 11.7| 203 3.8 7.5
11 12.5 21.0 4.4 5.0 6.8 7.6 10.2 11.7 20.3 3.8 7.5
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5.5.2

2"4 Order Filter 3dB Bandwidth, Noise Bandwidth (NBW), Group Delay

3dB Bandwidth (Hz) for GYRO/ACCEL_UI_FILT_ORD=1 (2nd order filter)

GYRO/ACCEL_UI_FILT BW

o | 2+ [ 2 [ s [ a s e ] 7]

14 ‘

GYRO/ACCEL_ODR ODR(Hz) 15
1 32000 8400.0
2 16000 4194.1
3 8000 2096.3
4 4000 1048.1
5 2000 524.0
6 1000 4933 | 230.7 | 191.6 | 117.5 97.1 | 59.6 | 48.0 | 21.3 | 262.0| 2096.3
15 500 246.7 | 1153 95.8 58.8 485 | 29.8 | 240 | 10.6 | 131.0 | 10481
7 200 98.7 92.3 76.6 47.0 388 | 23.8| 19.2 85 | 1048 419.2
8 100 49.3 92.3 76.6 47.0 388 | 23.8| 19.2 85 | 1048 209.6
9 50 24.7 92.3 76.6 47.0 388 | 23.8| 19.2 85 | 104.8 104.8
10 25 12.3 92.3 76.6 47.0 388 | 23.8| 192 85 | 104.8 52.4
11 12.5 12.3 92.3 76.6 47.0 388 | 23.8| 192 85| 104.8 52.4
NBW Bandwidth (Hz) for GYRO/ACCEL_UI_FILT_ORD=1 (2nd order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(Hz) 0 ‘ 1 | 2 | 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 14 ‘ 15
1 32000 8831.7
2 16000 4410.6
3 8000 2204.6
4 4000 1102.2
5 2000 551.1
6 1000 551.1 | 223.7 | 189.9 | 1227 | 102.8| 64.7 | 525 | 23.7 | 2756 | 2204.6
15 500 259.6 | 111.9 95.0 61.4 51.4 | 324 | 263 | 119 | 137.8 | 11022
7 200 103.9 89.5 76.0 49.1 412 | 259 | 21.0 9.5 | 1103 440.9
8 100 52.0 89.5 76.0 49.1 412 | 259 | 21.0 9.5 | 1103 220.5
9 50 26.0 89.5 76.0 49.1 41.2 | 259 | 21.0 9.5 | 1103 110.3
10 25 13.0 89.5 76.0 49.1 41.2 | 259 | 21.0 9.5 | 1103 55.2
11 12.5 13.0 89.5 76.0 49.1 41.2 | 259 | 21.0 9.5 | 1103 55.2
Group Delay @DC (ms) for GYRO/ACCEL_UI_FILT_ORD=1 (2nd order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(Hz) 0 ‘ 1 | 2 | 3 ‘ 4 ‘ 5 ‘ 6 | 7 ‘ 14 ‘ 15
1 32000 0.1
2 16000 0.1
3 8000 0.2
4 4000 0.4
5 2000 0.8
6 1000 0.7 2.1 2.4 3.2 3.7 5.2 6.1 | 12.0 1.5 0.2
15 500 1.3 4.1 4.7 6.4 73| 104 | 122 | 24.0 3.0 0.4
7 200 3.3 5.1 5.8 8.0 9.1 | 129 | 153 | 30.0 3.8 1.0




@TDI( InvenSense

1IM-42652
8 100 6.5 5.1 5.8 8.0 9.1 12.9 15.3 30.0 3.8 1.9
9 50 12.9 5.1 5.8 8.0 9.1 12.9 15.3 30.0 3.8 3.8
10 25 25.7 5.1 5.8 8.0 91| 129| 153| 300 3.8 7.5
1 12.5 25.7 5.1 5.8 8.0 91| 129| 153| 300 3.8 7.5
5.5.3 3" Order Filter 3dB Bandwidth, Noise Bandwidth (NBW), Group Delay
3dB Bandwidth (Hz) for GYRO/ACCEL_UI_FILT_ORD=2 (3rd order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(Hz) 0 1 2 3 4 | 5 6 7 14 15
1 32000 8400.0
2 16000 4194.1
3 8000 2096.3
4 4000 1048.1
5 2000 524.0
6 1000 492.9 234.7 195.8 118.9 97.9 60.8 46.8 25.2 262.0 2096.3
15 500 246.4 117.4 97.9 59.5 48.9 30.4 23.4 12.6 131.0 1048.1
7 200 98.6 93.9 78.3 47.6 39.2 24.3 18.7 10.1 104.8 419.2
8 100 49.3 93.9 78.3 47.6 39.2 24.3 18.7 10.1 104.8 209.6
9 50 24.6 93.9 78.3 47.6 39.2 24.3 18.7 10.1 104.8 104.8
10 25 12.3 93.9 78.3 47.6 39.2 24.3 18.7 10.1 104.8 52.4
11 12.5 12.3 93.9 78.3 47.6 39.2 24.3 18.7 10.1 104.8 52.4
NBW Bandwidth (Hz) for GYRO/ACCEL_UI_FILT_ORD=2 (3rd order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(Hz) 0 1 2 3 ‘ 4 | 5 ‘ 6 ‘ 7 ‘ 14 15
1 32000 8831.7
2 16000 4410.6
3 8000 2204.6
4 4000 1102.2
5 2000 551.1
6 1000 551.1 221.3 188.5 120.1 100.0 62.9 48.6 26.4 275.6 2204.6
15 500 252.0 110.7 94.3 60.1 50.0 31.5 24.3 13.2 137.8 1102.2
7 200 100.8 88.6 75.4 48.1 40.0 25.2 19.5 10.6 110.3 440.9
8 100 50.4 88.6 75.4 48.1 40.0 25.2 19.5 10.6 110.3 220.5
9 50 25.2 88.6 75.4 48.1 40.0 25.2 19.5 10.6 110.3 110.3
10 25 12.6 88.6 75.4 48.1 40.0 25.2 19.5 10.6 110.3 55.2
11 12.5 12.6 88.6 75.4 48.1 40.0 25.2 19.5 10.6 110.3 55.2
Group Delay @DC (ms) for GYRO/ACCEL_UI_FILT_ORD=2 (3rd order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(Hz) 0 1 2 3 ‘ 4 | 5 ‘ 6 ‘ 7 ‘ 14 15
1 32000 0.1
2 16000 0.1
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3 8000 0.2

4 4000 0.4

5 2000 0.8

6 1000 0.8 2.3 2.7 4.0 4.6 6.6 8.2 | 141 1.5 0.2
15 500 1.6 4.6 5.4 7.9 9.2 | 132 | 163 | 28.1 3.0 0.4
7 200 4.0 5.8 6.8 9.8 114 | 165 | 204 | 352 3.8 1.0
8 100 8.0 5.8 6.8 9.8 114 | 165 | 204 | 35.2 3.8 1.9
9 50 15.9 5.8 6.8 9.8 114 | 165 | 204 | 35.2 3.8 3.8
10 25 31.8 5.8 6.8 9.8 114 | 165 | 204 | 35.2 3.8 7.5
11 12.5 31.8 5.8 6.8 9.8 114 | 165 | 204 | 352 3.8 7.5

5.6

Gyroscope ODR can be selected by programming the parameter GYRO_ODR in register bank 0, register Ox4Fh, bits 3:0 as shown

below.

ODR AND FSR SELECTION

GYRO_ODR GYROSCOPE ODR VALUE
0000 Reserved
0001 32 kHz
0010 16 kHz
0011 8 kHz
0100 4 kHz
0101 2 kHz
0110 1 kHz (default)
0111 200 Hz
1000 100 Hz
1001 50 Hz
1010 25 Hz
1011 12.5 Hz
1100 Reserved
1101 Reserved
1110 Reserved
1111 500 Hz

Gyroscope FSR can be selected by programming the parameter GYRO_FS_SEL in register bank O, register 0x4Fh, bits 7:5 as shown

below.

GYRO_FS_SEL GYROSCOPE FSR VALUE
000 2000 dps
001 1000 dps
010 500 dps
011 250 dps
100 125 dps
101 62.5 dps
110 31.25dps
111 15.625 dps




@$TDI( InvenSense 1IM-42652

Accelerometer ODR can be selected by programming the parameter ACCEL_ODR in register bank 0, register 0x50h, bits 3:0 as shown
below.

ACCEL_ODR ACCELEROMETER ODR VALUE
0000 Reserved
0001 32 kHz (LN mode)
0010 16 kHz (LN mode)
0011 8 kHz (LN mode)
0100 4 kHz (LN mode)
0101 2 kHz (LN mode)
0110 1 kHz (LN mode) (default)
0111 200 Hz (LP or LN mode)
1000 100 Hz (LP or LN mode)
1001 50 Hz (LP or LN mode)
1010 25 Hz (LP or LN mode)
1011 12.5 Hz (LP or LN mode)
1100 6.25 Hz (LP mode)
1101 3.125 Hz (LP mode)
1110 1.5625 Hz (LP mode)
1111 500 Hz (LP or LN mode)

Accelerometer FSR can be selected by programming the parameter ACCEL_FS_SEL in register bank 0, register 0x50h, bits 7:5 as
shown below.

ACCEL_FS_SEL ACCELEROMETER FSR VALUE
000 16g
001 8g
010 4g
011 28
100 Reserved
101 Reserved
110 Reserved
111 Reserved
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6 FIFO

The [IM-42652 contains a 2K-byte FIFO register that is accessible via the serial interface. The FIFO configuration register determines
which data is written into the FIFO. Possible choices include gyroscope data, accelerometer data, temperature readings, and FSYNC
input. A FIFO counter keeps track of how many bytes of valid data are contained in the FIFO.

6.1 PACKET STRUCTURE

IIM-42652

The following figure shows the FIFO packet structures supported in [IM-42652. Base data format for gyroscope and accelerometer is
16-bits per element. 20-bits data format support is included in one of the packet structures. When 20-bits data format is used,
gyroscope data consists of 19-bits of actual data and the LSB is always set to 0, accelerometer data consists of 18-bits of actual data
and the two lowest order bits are always set to 0. When 20-bits data format is used, the only FSR settings that are operational are
42000 dps for gyroscope and +16g for accelerometer, even if the FSR selection register settings are configured for other FSR values.
The corresponding sensitivity scale factor values are 131 LSB/dps for gyroscope and 8192 LSB/g for accelerometer.

Header Header Header Header
(1 byte) (1 byte) (1 byte) (1 byte)

Accelerometer Data Gyroscope Data Accelerometer Data Accelerometer Data
(6 bytes) (6 bytes) (6 bytes) (6 bytes)

Temperature Data Temperature Data
(1 byte) (1 byte)

Gyroscope Data Gyroscope Data
Packet 1 Packet 2 (6 byteS) (6 byteS)

Temperature Data

Temperature Data

(1 byte) (2 bytes)
TimeStamp TimeStamp
(2 bytes) (2 bytes)
Packet 3
20-bit Extension
(3 bytes)
Packet 4

Figure 10. FIFO Packet Structure

Due to limitations on the number of bits, 8-bit temperature data stored in FIFO is limited to a -40°C to 85°C range. Either 16-bit
temperature data format (FIFO packet 4) or the value from the sensor data registers (TEMP_DATA) must be used to support a
temperature measurements range of -40°C to 105°C.

The rest of this sub-section describes how individual data is packaged in the different FIFO packet structures.
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Packet 1: Individual data is packaged in Packet 1 as

shown below.

BYTE CONTENT
0x00 FIFO Header
0x01 Accel X [15:8]
0x02 Accel X [7:0]
0x03 Accel Y [15:8]
0x04 Accel Y [7:0]
0x05 Accel Z [15:8]
0x06 Accel Z [7:0]
0x07 Temperature[7:0]

Packet 2: Individual data is packaged in Packet 2 as

shown below.

BYTE CONTENT
0x00 FIFO Header
0x01 Gyro X [15:8]
0x02 Gyro X [7:0]
0x03 Gyro Y [15:8]
0x04 Gyro Y [7:0]
0x05 Gyro Z [15:8]
0x06 Gyro Z [7:0]
0x07 Temperature[7:0]

Packet 3: Individual data is packaged in Packet 3 as

shown below.

BYTE CONTENT
0x00 FIFO Header
0x01 Accel X [15:8]
0x02 Accel X [7:0]
0x03 Accel Y [15:8]
0x04 Accel Y [7:0]
0x05 Accel Z [15:8]
0x06 Accel Z [7:0]
0x07 Gyro X [15:8]
0x08 Gyro X [7:0]
0x09 Gyro Y [15:8]
0x0A Gyro Y [7:0]
0x0B Gyro Z [15:8]
0x0C Gyro Z [7:0]
0x0D Temperature[7:0]
O0xOE TimeStamp[15:8]
OxOF TimeStamp[7:0]

Packet 4: Individual data is packaged in Packet 4 as

shown below.

BYTE CONTENT
0x00 FIFO Header
0x01 Accel X [19:12]
0x02 Accel X [11:4]
0x03 Accel Y [19:12]
0x04 Accel Y [11:4]
0x05 Accel Z [19:12]
0x06 Accel Z [11:4]
0x07 Gyro X [19:12]
0x08 Gyro X [11:4]
0x09 Gyro Y [19:12]
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BYTE CONTENT

0x0A Gyro Y [11:4]

0x0B Gyro Z [19:12]

0x0C Gyro Z [11:4]

0x0D Temperature[15:8]

OxOE Temperature[7:0]

OxOF TimeStamp[15:8]

0x10 TimeStamp(7:0]

0x11 Accel X [3:0] Gyro X [3:0]
0x12 Accel Y [3:0] Gyro Y [3:0]
0x13 Accel Z [3:0] Gyro Z [3:0]

6.2 FIFO HEADER

The following table shows the structure of the 1-byte FIFO header.

BIT FIELD ITEM DESCRIPTION
1: FIFO is empty
7 HEADER_M
-MSG 0: Packet contains sensor data
6 HEADER ACCEL 1: Packet is sized so that_accel data have location in the packet, FIFO_ACCEL_EN must be 1
- 0: Packet does not contain accel sample
5 HEADER_GYRO 1: Packet is sized so that gyro data have location in the packet, FIFO_GYRO_EN must be 1
0: Packet does not contain gyro sample
4 HEADER 20 1: Packet has a new and valid sample of extended 20-bit data for gyro and/or accel
- 0: Packet does not contain a new and valid extended 20-bit data

00: Packet does not contain timestamp or FSYNC time data

01: Reserved

3:2 HEADER_TIMESTAMP_FSYNC 10: Packet contains ODR Timestamp

11: Packet contains FSYNC time, and this packet is flagged as first ODR after FSYNC (only if
FIFO_TMST_FSYNC_EN is 1)

1: The ODR for accel is different for this accel data packet compared to the previous accel
1 HEADER_ODR_ACCEL packet

0: The ODR for accel is the same as the previous packet with accel

1: The ODR for gyro is different for this gyro data packet compared to the previous gyro
0 HEADER_ODR_GYRO packet

0: The ODR for gyro is the same as the previous packet with gyro

Note at least HEADER_ACCEL or HEADER_GYRO must be set for a sensor data packet to be set.
6.3 MAXIMUM FIFO STORAGE

The maximum number of packets that can be stored in FIFO is a variable quantity depending on the use case. As shown in Figure 12,
the physical FIFO size is 2048 bytes. A number of bytes equal to the packet size selected (see section 6.1) is reserved to prevent
reading a packet during write operation. Additionally, a read cache 2 packets wide is available.

When there is no serial interface operation, the read cache is not available for storing packets, being fed by the serial interface clock.

When serial interface operation happens, depending on the operation length and the packet size chosen, either 1 or 2 of the packet
entries in read cache may become available for storing packets. In that case the total storage available is up to the maximum
number of packets that can be accommodated in 2048 bytes + 1 packet size, depending on the packet size used.

Due to the non-deterministic nature of system operation, driver memory allocation should always be the largest size of 2080 bytes.
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< FIFO 2048 Bytes » <« 2 Packet Size
>
Read Cache
< > < »

2048 Bytes — 1 packet size
1 Packet Size

Reserved to prevent reading a
packet during write operation

Figure 11. Maximum FIFO Storage
6.4 FIFO CONFIGURATION REGISTERS

The following control bits in bank 0, register 0x5Fh determine what data is placed into the FIFO. The values of these bits may change
while the FIFO is being filled without corruption of the FIFO.

BIT NAME FUNCTION
0: Default setting; Sensor data have regular resolution
4 FIFO_HIRES_EN 1: Sensor data in FIFO will have extended resolution enabling the 20 Bytes packet

with priority on other setting below

0: FIFO will only contain ODR timestamp information

3 FIFO_TMST_FSYNC_EN 1: FIFO can also contain FSYNC time and FSYNC tag for one ODR after an FSYNC
event

0: Default setting; Gyroscope data not placed into FIFO

1: Enables gyroscope data packets of 6-bytes to be placed in FIFO

0: Default setting; Accelerometer data not placed into FIFO

1: Enables accelerometer data packets of 6-bytes to be placed in FIFO

1 | FIFO_GYRO_EN

0 | FIFO_ACCEL_EN

Configuration register settings above impact FIFO header and FIFO packet size as follows:

FIFO_HIRES_EN FIFO_ACCEL_EN FIFO_GYRO_EN FIFO_TMST_ HEADER PACKET SIZE
FSYNC_EN
1 X X 0 8’b_0111_10xx 20 Bytes
1 X X 1 8’b_0111_11xx 20 Bytes
0 1 1 0 8’b_0110_10xx 16 Bytes
0 1 1 1 8’b_0110_11xx 16 Bytes
0 1 0 X 8’b_0100_00xx 8 Bytes
0 0 1 X 8’b_0010_00xx 8 Bytes
0 0 0 X No FIFO writes No FIFO writes
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7 PROGRAMMABLE INTERRUPTS

The [IM-42652 has a programmable interrupt system that can generate an interrupt signal on the INT pins. Status flags indicate the
source of an interrupt. Interrupt sources may be enabled and disabled individually. There are two interrupt outputs. Any interrupt
may be mapped to either interrupt pin as explained in the register section. The following configuration options are available for the

interrupts:

e INT1 and INT2 can be push-pull or open drain
e Level or pulse mode
e Active high or active low

Additionally, 1IM-42652 includes In-band Interrupt (IBI) support for the I3C*M interface.
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8 APEX MOTION FUNCTIONS

The APEX (Advanced Pedometer and Event Detection — neXt gen) features of 1IM-42652 consist of:

e Pedometer: tracks step count and issues a step detect interrupt.

e Tilt Detection: issues an interrupt when the tilt angle exceeds 35 degrees for more than a programmable time.

e  Freefall Detection: triggers an interrupt when device freefall is detected and outputs freefall duration.

e Tap Detection: issues an interrupt when tap is detected, along with a register containing the tap count.

e Wake on Motion (WoM): detects motion when accelerometer samples exceed a programmable threshold. This motion
event can be used to enable chip operation from sleep mode.

e Significant Motion Detector (SMD): detects motion if WoM events are detected during a programmable time window (2s or
4s).

8.1 APEX ODR SUPPORT

APEX algorithms are designed to work with the accelerometer for a variety of ODR settings. However, there is a minimum ODR
required for each algorithm. The following table shows the relationship between the available accelerometer ODRs and the
operation of the APEX algorithms. In order to allow more flexible operation where we can control the ODR of the APEX algorithms
independent of the accelerometer ODR, we allow for an additional selection determined by the field DMP_ODR (DMP stands for
Digital Motion Processor™, an architectural component of APEX). The tables below show how DMP_ODR should be configured in
relation to the accelerometer ODR and the expected performance.

ACCEL ODR DMP_ODR PEDOMETER TILT DETECTION FREEFALL DETECTION
<25Hz X Disabled Disabled Disabled
> 25Hz 0 (25 Hz) Low Power Low Power Low Power
>50 Hz 2 (50 Hz) Normal Normal Low Power
100 Hz 3 (100 Hz) Normal (50 Hz) High Performance (50 Hz) Normal
500 Hz 1 (500 Hz) Disabled High Performance (50 Hz) High Performance
ACCEL ODR TAP DETECTION
200 Hz Low Power
500 Hz Normal
1 kHz High Performance
>1kHz Disabled

If the accelerometer ODR is set below the minimum DMP ODR (25 Hz), the APEX features cannot be enabled.

When the accelerometer ODR needs to be set differently from the DMP ODR, only the integer multiple of DMP ODR for
accelerometer sensor ODR is suitable to use with DMP. For example, when the accelerometer ODR is set as 200 Hz, the APEX
features can be enabled with choices of 25 Hz, or 50 Hz, depending on the DMP_ODR register setting.

DMP ODR should not be changed on the fly. The following sequence should be followed for changing the DMP ODR:
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uhwn e

Enable

Disable Pedometer and Tilt Detection if they are enabled
Change DMP ODR

Set DMP_INIT_EN for one cycle (Register 0x4Bh in Bank 0)
Unset DMP_INIT_EN (Register 0x4Bh in Bank 0)

APEX features of interest

8.2 DMP POWER SAVE MODE

DMP Power Sav

e Mode can be enabled or disabled by DMP_POWER_SAVE (Register 0x56h in Bank 0). When the DMP Power Save

Mode is enabled, APEX features are enabled only when WOM is detected. WOM must be explicitly enabled for the DMP to work in

this mode. Whe

n WOM is not detected the APEX features are on pause. If the user does not want to use DMP Power Save Mode

they may set DMP_POWER_SAVE = 0, and use APEX functions without WOM detection.

8.3 PEDOM

e Pedom
1.

PN hAWN

ETER PROGRAMMING

eter configuration parameters
LOW_ENERGY_AMP_TH_SEL (Register 0x40h in Bank 4)
PED_AMP_TH_SEL (Register Ox41h in Bank 4)
PED_STEP_CNT_TH_SEL (Register Ox41h in Bank 4)
PED_HI_EN_TH_SEL (Register 0x42h in Bank 4)
PED_SB_TIMER_TH_SEL (Register 0x42h in Bank 4)
PED_STEP_DET_TH_SEL (Register 0x42h in Bank 4)
SENSITIVITY_MODE (Register 0x48h in Bank 4)
There are 2 ODR and 2 sensitivity modes

ACCEL ODR (DMP_ODR) NORMAL SLOW WALK
25 Hz (0) low power low power and slow walk
50 Hz (2) high performance slow walk

e Initialize Sensor in a typical configuration

1.
2.

3.
4.

Set accelerometer ODR to 50 Hz (Register 0x50h in Bank 0)

Set accelerometer to low power mode (Register 0x4Eh in Bank 0)

ACCEL_MODE = 2 and (Register Ox4Eh in Bank 0), ACCEL_LP_CLK_SEL = 0, for low power mode
Set DMP ODR =50 Hz and turn on Pedometer feature (Register Ox56h in Bank 0)

Wait 1 millisecond

e |nitialize APEX hardware

1.

RN~ wN

[l
N = O

13.

14

Set DMP_MEM_RESET_EN to 1 (Register 0x4Bh in Bank 0)

Wait 1 millisecond

Set LOW_ENERGY_AMP_TH_SEL to 10 (Register 0x40h in Bank 4)

Set PED_AMP_TH_SEL to 8 (Register 0x41h in Bank 4)

Set PED_STEP_CNT_TH_SEL to 5 (Register 0x41h in Bank 4)

Set PED_HI_EN_TH_SEL to 1 (Register Ox42h in Bank 4)

Set PED_SB_TIMER_TH_SEL to 4 (Register 0x42h in Bank 4)

Set PED_STEP_DET_TH_SEL to 2 (Register 0x42h in Bank 4)

Set SENSITIVITY_MODE to 0 (Register 0x48h in Bank 4)
. Set DMP_INIT_EN to 1 (Register 0x4Bh in Bank 0)
. Wait 50 milliseconds
. Enable STEP detection, source for INT1 by setting bit 5 in register INT_SOURCE6 (Register 0x4Dh in Bank 4) to 1. Or
if INT2 is selected for STEP detection, enable STEP detection source by setting bit 5 in register INT_SOURCE7
(Register Ox4Eh in Bank 4) to 1.
As freefall and pedometer share the same output register, they cannot run concurrently. Disable freefall by setting
FF_ENABLE to O (Register 0x56h in Bank 0)
. Turn on Pedometer feature by setting PED_ENABLE to 1 (Register 0x56h in Bank 0)

e  Qutput registers

1.
2.

Read interrupt register (Register 0x38h in Bank 0) for STEP_DET_INT
If the step count is equal to or greater than 65535 (uint16), the STEP_CNT_OVF_INT (Register 0x38h in Bank 0) will
be set to 1. Example:
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3.
4.
5.

= Take 1 step =>output step count = 65533 (real step count is 65533)
=  Take 1 step => output step count = 65534 (real step count is 65534)
= Take 1 step => output step count = 0 and interrupt is fired (real step count is 65535+0= 65535)
=  Take 1 step => output step count = 1 (real step count is 65535+1=65536)
Read the step count in STEP_CNT (Register 0x31h and 0x32h in Bank 0)
Read the step cadence in STEP_CADENCE (Register 0x33h in Bank 0)
Read the activity class in ACTIVITY_CLASS (Register 0x34h in Bank 0)

8.4 TILT DETECTION PROGRAMMING

e Tilt Detection configuration parameters

1.

TILT_WAIT_TIME (Register 0x43h in Bank 4)

This parameter configures how long of a delay after tilt is detected before interrupt is triggered
Default is 2 (4s).

Rangeis0=0s,1=2s,2=4s,3=6s

For example, setting TILT_WAIT_TIME = 2 is equivalent to 4 seconds for all ODRs

e Initialize Sensor in a typical configuration

1.

4.

Set accelerometer ODR (Register 0x50h in Bank 0)

ACCEL_ODR =9 for 50 Hz or 10 for 25 Hz

Set Accel to Low Power mode (Register Ox4Eh in Bank 0)

ACCEL_MODE = 2 and (Register 0x4Dh in Bank 0), ACCEL_LP_CLK_SEL =0, for low power mode
Set DMP ODR (Register 0x56h in Bank 0)

DMP_ODR =0 for 25 Hz, 2 for 50 Hz

Wait 1 millisecond

e |[nitialize APEX hardware

1.

ounswLN

N

Set DMP_MEM_RESET_EN to 1 (Register 0x4Bh in Bank 0)

Wait 1 millisecond

Set TILT_WAIT_TIME (Register 0x43h in Bank 4) if default value does not meet needs

Wait 1 millisecond

Set DMP_INIT_EN to 1 (Register 0x4Bh in Bank 0)

Enable Tilt Detection, source for INT1 by setting bit 3 in register INT_SOURCEG6 (Register 0x4Dh in Bank 4) to 1. Or if
INT2 is selected for Tilt Detection, enable Tilt Detection source by setting bit 3 in register INT_SOURCE7 (Register
0x4Eh in Bank 4) to 1.

Wait 50 milliseconds

Turn on Tilt Detection feature by setting TILT_ENABLE to 1 (Register 0x56h in Bank 0)

e  Qutput registers

1.

Read interrupt register (Register 0x38h in Bank 0) for TILT_DET_INT

8.5 FREEFALL DETECTION PROGRAMMING

Freefall Detection detects device freefall. It uses a low-g and a high-g detector to detect freefall start and freefall end. It provides a
trigger indicating freefall event and the freefall duration. The duration is given in number of samples and can be converted to freefall
distance in meters by applying the following formula:

FF_DISTANCE = 0.5 * 9.81 * (FF_DUR * DMP_ODR_S)"2

Note: DMP_ODR_S is the duration of DMP_ODR expressed in seconds.

e  Freefall Detection configuration parameters

1.

N A WN

LOWG_PEAK_TH_SEL (Register Ox44h in Bank 4)
LOWG_TIME_TH_SEL (Register 0x44h in Bank 4)
LOWG_PEAK_TH_HYST_SEL (Register 0x43h in Bank 4)
HIGHG_PEAK_TH_SEL (Register 0x45h in Bank 4)
HIGHG_TIME_TH_SEL (Register 0x45h in Bank 4)
HIGHG_PEAK_TH_HYST_SEL (Register 0x43h in Bank 4)
FF_MIN_DURATION_CM (Register 0x49h in Bank 4)
FF_MAX_DURATION_CM (Register 0x49h in Bank 4)
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8.6

9. FF_DEBOUNCE_DURATION (Register 0x49h in Bank 4)

Initialize Sensor in a typical configuration

1. Set Accel ODR to 500 Hz (Register 0x50h in Bank 0)

2. Set AVG filtering to 1 sample to minimize power consumption (Register 0x52h in Bank 0)
ACCEL_UI_FILT BW =1

3. Set Accel to Low Power mode (Register Ox4E in Bank 0)
ACCEL_MODE[1:0] =2

4. Set DMP ODR =500 Hz (Register 0x56 in Bank 0)
DMP_ODR[1:0] =1

Initialize APEX hardware
1. Set LOWG_PEAK_TH_SEL (Register 0x44h in Bank 4)

Set LOWG_TIME_TH_SEL (Register Ox44h in Bank 4)

Set LOWG_PEAK_TH_HYST_SEL (Register 0x43 in Bank4)

Set HIGHG_PEAK_TH_SEL (Register 0x45h in Bank 4)

Set HIGHG_TIME_TH_SEL (Register 0x45h in Bank 4)

Set HIGHG_PEAK_TH_HYST_SEL (Register 0x43h in Bank4)

Set FF_DEBOUNCE_DURATION (Register 0x49h in Bank 4)

Set FF_MIN_DURATION_CM (Register 0x49h in Bank 4)

Set FF_MAX_DURATION_CM (Register 0x49h in Bank 4)

10. Set DMP_MEM_RESET_EN to 1 if DMP is started for the first time after reset (Register 0x4Bh in Bank 0)

11. Wait 1 millisecond

12. Set DMP_INIT_EN to 1 (Register 0x4Bh in Bank 0)

13. Enable FREEFALL detection, source for INT1 by setting bit 1 in register INT_SOURCE®6 (Register Ox4Dh in Bank 4) to
1. Orif INT2 is selected for FREEFALL detection, enable FREEFALL detection source by setting bit 1 in register
INT_SOURCE7 (Register Ox4Eh in Bank 4) to 1.

14. Wait 50 milliseconds

15. As freefall and pedometer share the same output register, they cannot run concurrently. Disable pedometer by
setting PED_ENABLE to 0 (Register Ox56h in Bank 0)

16. Set FF_ENABLE to 1 (Register 0x56h in Bank 0)

LN WN

Output registers
1. Read interrupt register (Register 0x38h in Bank 0) for FF_DET_INT
2. Read the freefall duration (Registers 0x31h and 0x32h in Bank 0)

Note: As freefall and pedometer share the same output register, they cannot be run concurrently.
TAP DETECTION PROGRAMMING

Tap Detection configuration parameters

1. TAP_TMAX (Register 0x47h in Bank 4)
TAP_TMIN (Register 0x47h in Bank 4)
TAP_TAVG (Register 0x47h in Bank 4)
TAP_MIN_JERK_THR (Register 0x46h in Bank 4)
TAP_MAX_PEAK_TOL (Register Ox46h in Bank 4)
TAP_ENABLE (Register 0x56h in Bank 0)

oueswN

Initialize Sensor in a typical configuration
1. Set accelerometer ODR (Register 0x50h in Bank 0)
ACCEL_ODR = 15 for 500 Hz (ODR of 200Hz or 1kHz may also be used)
2. Set power modes and filter configurations as shown below
=  For ODR up to 500 Hz, set Accel to Low Power mode (Register Ox4Eh in Bank 0)

ACCEL_MODE =2 and ACCEL_LP_CLK_SEL =0, (Register 0x4Dh in Bank 0) for low power mode
Set filter settings as follows: ACCEL_DEC2_M2_ORD = 2 (Register 0x53h in Bank 0); ACCEL_UI_FILT BW =4
(Register 0x52h in Bank 0)
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e For ODR of 1 kHz, set Accel to Low Noise mode (Register Ox4Eh in Bank 0) ACCEL_MODE =1

Set filter settings as follows: ACCEL_UI_FILT_ORD = 2 (Register 0x53h in Bank 0); ACCEL_UI_FILT_BW =
0 (Register 0x52h in Bank 0)

3.  Wait 1 millisecond

e Initialize APEX hardware
1. Set TAP_TMAX to 2 (Register 0x47h in Bank 4)
Set TAP_TMIN to 3 (Register 0x47h in Bank 4)
Set TAP_TAVG to 3 (Register 0x47h in Bank 4)
Set TAP_MIN_JERK_THR to 17 (Register 0x46h in Bank 4)
Set TAP_MAX_PEAK_TOL to 2 (Register Ox46h in Bank 4)
Wait 1 millisecond
Enable TAP source for INT1 by setting bit 0 in register INT_SOURCEG6 (Register 0x4Dh in Bank 4) to 1. Or if INT2 is
selected for TAP, enable TAP source by setting bit 0 in register INT_SOURCE7 (Register Ox4Eh in Bank 4) to 1.
Wait 50 milliseconds
Turn on TAP feature by setting TAP_ENABLE to 1 (Register Ox56h in Bank 0)

Noukwn

L

e  Qutput registers
1. Read interrupt register (Register 0x38h in Bank 0) for TAP_DET_INT
2. Read the tap count in TAP_NUM (Register 0x7Bh in Bank 0)
3. Read the tap axis in TAP_AXIS (Register 0x7Bh in Bank 0)
4. Read the polarity of tap pulse in TAP_DIR (Register 0x7Bh in Bank 0)

8.7 WAKE ON MOTION PROGRAMMING

e Wake on Motion configuration parameters

1. WOM_X_TH (Register Ox4Ah in Bank 4)
WOM_Y_TH (Register 0x4Bh in Bank 4)
WOM_Z_TH (Register 0x4Ch in Bank 4)
WOM_INT_MODE (Register 0x57h in Bank 0)
WOM_MODE (Register 0x57h in Bank 0)
SMD_MODE (Register 0x57h in Bank 0)

ounswN

e Initialize Sensor in a typical configuration
1. Set accelerometer ODR (Register 0x50h in Bank 0)
ACCEL_ODR =9 for 50 Hz
2. Set Accel to Low Power mode (Register 0x4Eh in Bank 0)
ACCEL_MODE = 2 and (Register 0x4Dh in Bank 0), ACCEL_LP_CLK_SEL =0, for low power mode
3.  Wait 1 millisecond

e Initialize APEX hardware
1. Set WOM_X_TH to 98 (Register 0x4Ah in Bank 4)
Set WOM_Y_TH to 98 (Register 0x4Bh in Bank 4)
Set WOM_Z_TH to 98 (Register 0x4Ch in Bank 4)
Wait 1 millisecond
Enable all 3 axes as WOM sources for INT1 by setting bits 2:0 in register INT_SOURCE1 (Register 0x66h in Bank 0)
to 1. Or if INT2 is selected for WOM, enable all 3 axes as WOM sources by setting bits 2:0 in register INT_SOURCE4
(Register 0x69h in Bank 0) to 1.
Wait 50 milliseconds
7. Turn on WOM feature by setting WOM_INT_MODE to 0, WOM_MODE to 1, SMD_MODE to 1 (Register 0x56h in
Bank 0)

vk wn

o




@$TDI( InvenSense 1IM-42652

e  Qutput registers
1. Read interrupt register (Register 0x37h in Bank 0) for WOM_X_INT
2. Read interrupt register (Register 0x37h in Bank 0) for WOM_Y_INT
3. Read interrupt register (Register 0x37h in Bank 0) for WOM_Z_INT

8.8 SIGNIFICANT MOTION DETECTION PROGRAMMING

e Significant Motion Detection configuration parameters
1. WOM_X_TH (Register Ox4Ah in Bank 4)
WOM_Y_TH (Register 0x4Bh in Bank 4)
WOM_Z_TH (Register 0x4Ch in Bank 4)
WOM_INT_MODE (Register 0x57h in Bank 0)
WOM_MODE (Register 0x57h in Bank 0)
SMD_MODE (Register 0x57h in Bank 0)

ounswN

e |Initialize Sensor in a typical configuration
1. Set accelerometer ODR (Register 0x50h in Bank 0)
ACCEL_ODR =9 for 50 Hz
2. Set Accel to Low Power mode (Register 0x4Eh in Bank 0)
ACCEL_MODE = 2 and (Register 0x4Dh in Bank 0), ACCEL_LP_CLK_SEL =0, for low power mode
3. Wait 1 millisecond

e |Initialize APEX hardware

1. Set WOM_X_TH to 98 (Register 0x4Ah in Bank 4)
Set WOM_Y_TH to 98 (Register 0x4Bh in Bank 4)
Set WOM_Z_TH to 98 (Register 0x4Ch in Bank 4)
Wait 1 millisecond
Enable SMD source for INT1 by setting bit 3 in register INT_SOURCE1 (Register 0x66h in Bank 0) to 1. Or if INT2 is
selected for SMD, enable SMD source by setting bit 3 in register INT_SOURCE4 (Register 0x69h in Bank 0) to 1.
Wait 50 milliseconds
Turn on SMD feature by setting WOM_INT_MODE to 0, WOM_MODE to 1, SMD_MODE to 3 (Register 0x56h in
Bank 0)

ukwn

N

e  Qutput registers
1. Read interrupt register (Register 0x37h in Bank 0) for SMD_INT
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9 DIGITAL INTERFACE
9.1 13C™, I2C, AND SPI SERIAL INTERFACES

The internal registers and memory of the [IM-42652 can be accessed using I3C°M at 12.5 MHz (data rates up to 12.5 Mbps in SDR
mode, 25 Mbps in DDR mode), 1C at 1 MHz or SPI at 24 MHz. SPI operates in 3-wire or 4-wire mode. Pin assignments for serial
interfaces are described in Section 4.1.

9.2 I3C*MINTERFACE

I13C°M is a new 2-wire digital interface comprised of the signals serial data (SDA) and serial clock (SCLK). 13C°M is intended to improve
upon the I2C interface, while preserving backward compatibility.

I3C°M carries the advantages of 12C in simplicity, low pin count, easy board design, and multi-drop (vs. point to point), but provides
the higher data rates, simpler pads, and lower power of SPI. 1I3C*™ adds higher throughput for a given frequency, in-band interrupts
(from slave to master), dynamic addressing.

1IM-42652 supports the following features of 13C3:

* SDRdatarate up to 12.5 Mbps

* DDR data rate up to 25 Mbps

*  Dynamic address allocation

* In-band Interrupt (IBl) support

e Support for synchronous timing control

e Support for asynchronous timing control mode 0
e Error detection (CRC and/or Parity)

*  Common Command Code (CCC)

The 1IM-42652 always operates as an 13C°M slave device when communicating to the system processor, which thus acts as the 13C°M
master. I3C™ master controls an active pullup resistance on SDA, which it can enable and disable. The pullup resistance may be a
board level resistor controlled by a pin, or it may be internal to the 13C°™ master.

9.3 I’CINTERFACE

I2C is a two-wire interface comprised of the signals serial data (SDA) and serial clock (SCL). In general, the lines are open-drain and bi-
directional. In a generalized I°C interface implementation, attached devices can be a master or a slave. The master device puts the
slave address on the bus, and the slave device with the matching address acknowledges the master.

The [IM-42652 always operates as a slave device when communicating to the system processor, which thus acts as the master. SDA
and SCL lines typically need pull-up resistors to VDDIO. The maximum bus speed is 1 MHz.

The slave address of the 1IM-42652 is b110100X, which is 7 bits long. The LSB bit of the 7-bit address is determined by the logic level
on pin AP_ADO. This allows two 1IM-42652s to be connected to the same I>C bus. When used in this configuration, the address of
one of the devices should be b1101000 (pin AP_ADO is logic low) and the address of the other should be b1101001 (pin AP_ADQO is
logic high).

9.4 I2C COMMUNICATIONS PROTOCOL
START (S) and STOP (P) Conditions

Communication on the I2C bus starts when the master puts the START condition (S) on the bus, which is defined as a HIGH-to-LOW
transition of the SDA line while SCL line is HIGH (see figure below). The bus is considered to be busy until the master puts a STOP
condition (P) on the bus, which is defined as a LOW to HIGH transition on the SDA line while SCL is HIGH (see figure below).

W TN TN T
-~ TN

Additionally, the bus remains busy if a repeated START (Sr) is generated instead of a STOP condition.
| -

START condition STOP condition

Figure 12. START and STOP Conditions
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Data Format / Acknowledge

12C data bytes are defined to be 8-bits long. There is no restriction to the number of bytes transmitted per data transfer. Each byte
transferred must be followed by an acknowledge (ACK) signal. The clock for the acknowledge signal is generated by the master,
while the receiver generates the actual acknowledge signal by pulling down SDA and holding it low during the HIGH portion of the
acknowledge clock pulse.

If a slave is busy and cannot transmit or receive another byte of data until some other task has been performed, it can hold SCL
LOW, thus forcing the master into a wait state. Normal data transfer resumes when the slave is ready and releases the clock line
(refer to Figure 14).

/ X KX/

not acknowledge

acknowledge\)i
SCL FROM
| 1 G N— SN\ e\

DATA OUTPUT BY
RECEIVER (SDA)

|

DATA OUTPUT BY \
TRANSMITTER (SDA) |
I
|
|

L clock pulse for
START acknowledgement
condition

Figure 13. Acknowledge on the I1>C Bus
Communications

After beginning communications with the START condition (S), the master sends a 7-bit slave address followed by an 8% bit, the
read/write bit. The read/write bit indicates whether the master is receiving data from or is writing to the slave device. Then, the
master releases the SDA line and waits for the acknowledge signal (ACK) from the slave device. Each byte transferred must be
followed by an acknowledge bit. To acknowledge, the slave device pulls the SDA line LOW and keeps it LOW for the high period of
the SCL line. Data transmission is always terminated by the master with a STOP condition (P), thus freeing the communications line.
However, the master can generate a repeated START condition (Sr), and address another slave without first generating a STOP
condition (P). A LOW to HIGH transition on the SDA line while SCL is HIGH defines the stop condition. All SDA changes should take
place when SCL is low, with the exception of start and stop conditions.

'/'"m T OT ]DDI

START ADDRESS R/W ACK DATA ACK DATA ACK STOP
condition condition

Figure 14. Complete I12C Data Transfer

To write the internal IIM-42652 registers, the master transmits the start condition (S), followed by the I>C address and the write bit
(0). At the 9™ clock cycle (when the clock is high), the 1IM-42652 acknowledges the transfer. Then the master puts the register
address (RA) on the bus. After the 1IM-42652 acknowledges the reception of the register address, the master puts the register data
onto the bus. This is followed by the ACK signal, and data transfer may be concluded by the stop condition (P). To write multiple
bytes after the last ACK signal, the master can continue outputting data rather than transmitting a stop signal. In this case, the 1IM-
42652 automatically increments the register address and loads the data to the appropriate register. The following figures show
single and two-byte write sequences.
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Single-Byte Write Sequence

Master | S | AD+W RA DATA P
Slave ACK ACK ACK

Burst Write Sequence

Master | S | AD+W RA DATA DATA P
Slave ACK ACK ACK ACK

To read the internal IIM-42652 registers, the master sends a start condition, followed by the I>C address and a write bit, and then the
register address that is going to be read. Upon receiving the ACK signal from the IIM-42652, the master transmits a start signal
followed by the slave address and read bit. As a result, the 1IM-42652 sends an ACK signal and the data. The communication ends
with a not acknowledge (NACK) signal and a stop bit from master. The NACK condition is defined such that the SDA line remains high
at the 9% clock cycle. The following figures show single and two-byte read sequences.

Single-Byte Read Sequence

Master | S | AD+W RA S | AD+R NACK P
Slave ACK ACK ACK DATA

Burst Read Sequence

Master | S | AD+W RA S | AD+R ACK NACK P
Slave ACK ACK ACK | DATA DATA

9.5 I>’CTERMS

SIGNAL DESCRIPTION
S Start Condition: SDA goes from high to low while SCL is high
AD Slave I2C address
w Write bit (0)
R Read bit (1)

ACK Acknowledge: SDA line is low while the SCL line is high at the 9t clock cycle
NACK Not-Acknowledge: SDA line stays high at the 9t clock cycle

RA 1IM-42652 internal register address
DATA Transmit or received data

P Stop condition: SDA going from low to high while SCL is high

Table 14. IC Terms
9.6 SPIINTERFACE

The [IM-42652 supports 3-wire or 4-wire SPI for the host interface. The [IM-42652 always operates as a Slave device during standard
Master-Slave SPI operation.

With respect to the Master, the Serial Clock output (SCLK), the Serial Data Output (SDO), the Serial Data Input (SDI), and the Serial
Data 10 (SDIO) are shared among the Slave devices. Each SPI slave device requires its own Chip Select (CS) line from the master.

CS goes low (active) at the start of transmission and goes back high (inactive) at the end. Only one CS line is active at a time, ensuring
that only one slave is selected at any given time. The CS lines of the non-selected slave devices are held high, causing their SDO lines
to remain in a high-impedance (high-z) state so that they do not interfere with any active devices.

SPI Operational Features
1. Datais delivered MSB first and LSB last
2. Datais latched on the rising edge of SCLK
3. Data should be transitioned on the falling edge of SCLK
4. The maximum frequency of SCLK is 24 MHz
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5. SPlread operations are completed in 16 or more clock cycles (two or more bytes). The first byte contains the SPI Address,
and the following byte(s) contain(s) the SPI data. The first bit of the first byte contains the Read/Write bit and indicates
the Read (1) operation. The following 7 bits contain the Register Address. In cases of multiple-byte Reads, data is two or
more bytes:

SPI Address format
MSB LSB
R/W | A6 | A5 | A4 | A3 | A2 | A1 | AO

SPI Data format
MsSB LSB
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

6. SPIwrite operations are completed in 16 clock cycles (two bytes). The first byte contains the SPI Address, and the second
byte contains the SPI data. The first bit of the first byte contains the Read/Write bit and indicates the Write (0) operation.
The following 7 bits contain the Register Address.

7. Supports Single or Burst Reads and Single Writes.

SCLK

SDIO

SPI Master cs1 nCs SPI Slave 1

CS82

SCLK
SDIO

nCS

SPI Slave 2

Figure 15. Typical SPI Master/Slave Configuration
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10 ASSEMBLY

This section provides general guidelines for assembling InvenSense Micro Electro-Mechanical Systems (MEMS) devices packaged in

LGA package.
10.1 ORIENTATION OF AXES

Figure 16 shows the orientation of the axes of sensitivity and the polarity of rotation. Note the pin 1 identifier (¢) in the figure.

Figure 16. Orientation of Axes of Sensitivity and Polarity of Rotation
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10.2 PACKAGE DIMENSIONS
14 Lead LGA (2.5x3x0.91) mm NiAu pad finish
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Figure 17. Package Dimensions
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DIMENSIONS IN MILLIMETERS
SYMBOLS MIN NOM MAX
Total Thickness A 0.85 0.91 0.97
Substrate Thickness Al 0.105 REF
Mold Thickness A2 0.8 REF
D 2.5 BSC
Body Size
E 3 BSC
Lead Width w 0.2 0.25 03
Lead Length L 0.425 0.475 0.525
Lead Pitch e 0.5 BSC
Lead Count n 14
Edge Pin Center to Center D1 15 BSC
El 1 BSC
Body Center to Contact Pin SD 0.25 BSC
Package Edge Tolerance aaa 0.1
Mold Flatness bbb 0.2
Coplanarity ddd 0.08




@TDI( InvenSense 1IM-42652

11 PART NUMBER PACKAGE MARKING

The part number package marking for 1IM-42652 devices is summarized below:

PART NUMBER PART NUMBER PACKAGE MARKING
IM-42652 14652
TOP VIEW
[
Part Number —— 14652
Lot Traceability Code —1—XXXXXX
Y\‘(WW

YY = Year Code
WW = Work Week

Figure 18. Part Number Package Marking
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12 USE NOTES
12.1 ACCELEROMETER MODE TRANSITIONS

When transitioning from accelerometer Low Power (LP) mode to accelerometer Low Noise (LN) mode, if ODR is 6.25 Hz or lower,
software should change ODR to a value of 12.5 Hz or higher, because accelerometer LN mode does not support ODR values below
12.5 Hz.

When transitioning from accelerometer LN mode to accelerometer LP mode, if ODR is greater than 500 Hz, software should change
ODR to a value of 500 Hz or lower, because accelerometer LP mode does not support ODR values above 500 Hz.

12.2 ACCELEROMETER LOW POWER (LP) MODE AVERAGING FILTER SETTING

Software drivers provided with the device use Averaging Filter setting of 16x. This setting is recommended for meeting Android
noise requirements in LP mode, and to minimize accelerometer offset variation when transitioning from LP to Low Noise (LN) mode.
1x averaging filter can be used by following the setting configuration shown in section 14.38.

12.3 SETTINGS FOR I2C, 13C™, AND SPI OPERATION
Upon bootup the device comes up in SPI mode. The following settings should be used for I°C, 13C°™, and SPI operation.

Scenario 1: INT1/INT2 pins are used for interrupt assertion in 1I3C°™ mode.

REGISTER FIELD 12C Driver Setting 13C°M Driver Setting | SPI Driver Setting
I3C_EN (bit 4, register INTF_CONFIG6, address 0x7C, bank 1) 1 1 1
I3C_SDR_EN (bit 0, register INTF_CONFIG6, address 0x7C, bank 1) 0 1 1
I3C_DDR_EN (bit 1, register INTF_CONFIG6, address 0x7C, bank 1) 0 0 1
I3C_BUS_MODE (bit 6, register INTF_CONFIG4, address 0x7A, bank 1) 0 0 0
12C_SLEW_RATE (bits 5:3, register DRIVE_CONFIG, address 0x13, bank 0) 1 0 0
SPI_SLEW_RATE (bits 2:0, register DRIVE_CONFIG, address 0x13, bank 0) 1 3 5

Scenario 2: IBl is used for interrupt assertion in 13C*™ mode.

REGISTER FIELD 12C Driver Setting 13C°M Driver Setting | SPI Driver Setting
I3C_EN (bit 4, register INTF_CONFIG6, address 0x7C, bank 1) 1 1 1
I3C_SDR_EN (bit 0, register INTF_CONFIG6, address 0x7C, bank 1) 0 1 1
I3C_DDR_EN (bit 1, register INTF_CONFIG6, address 0x7C, bank 1) 0 1 1
I3C_BUS_MODE (bit 6, register INTF_CONFIG4, address 0x7A, bank 1) 0 0 0
12C_SLEW_RATE (bits 5:3, register DRIVE_CONFIG, address 0x13, bank 0) 1 0 0
SPI_SLEW_RATE (bits 2:0, register DRIVE_CONFIG, address 0x13, bank 0) 1 5 5

12.4 NOTCH FILTER AND ANTI-ALIAS FILTER OPERATION

Use of Notch Filter and Anti-Alias Filter is supported only for Low Noise (LN) mode operation. The host is responsible for keeping the
Ul path in LN mode while Notch Filter and Anti-Alias Filter are turned on.

12.5 EXTERNAL CLOCK INPUT EFFECT ON ODR

ODR values supported by the device scale with external clock frequency, if external clock input is used. The ODR values shown in the
datasheet are supported with external clock input frequency of 32 kHz. For any other external clock input frequency, these ODR
values will scale by a factor of (External clock value in kHz / 32). For example, if an external clock frequency of 32.768 kHz is used,
instead of ODR value of 500 Hz, it will be 500 * (32.768 / 32) = 512 Hz.

12.6 INT_ASYNC_RESET CONFIGURATION

For register INT_CONFIG1 (bank O register 0x64) bit 4 INT_ASYNC_RESET, user should change setting to 0 from default setting of 1,
for proper INT1 and INT2 pin operation.

12.7 FIFO TIMESTAMP INTERVAL SCALING

When RTC_MODE =1 (bank 0 register 0x4D bit2) and register INTF_CONFIG5 (bank 1 register 0x7B) bit 2:1 (PIN9_FUNCTION) is set to
10 for CLKIN input;

THEN

Timestamp interval reported in FIFO requires scaling by a factor of 32.768/30. For example, when ODR = 1 kHz, the true timestamp
interval should be 1000 ps. But the value in FIFO toggles between 915 and 916 ps. After scaling 915.5 * 32.768/30 = 1000 ps.
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ELSE

Timestamp interval reported in FIFO requires scaling by a factor of 32/30. For example, when ODR = 1 kHz, the true timestamp
interval should be 1000 ps. But the value in FIFO toggles between 937 and 938 us. After scaling 937.5 * 32/30 = 1000 ps.

12.8 SUPPLEMENTARY INFORMATION FOR FIFO_HOLD_LAST_DATA_EN

This section contains supplementary information for using register field FIFO_HOLD_LAST_DATA_EN (bit 7) of register
INTF_CONFIGO (address 0x4C, bank 0).

The following table shows the values in FIFO:

16-BIT FIFO
FIFO_HOLD_LAST_DATA_EN PACKET 20-BIT FIFO PACKET
Gyro: All Even numbers in {-524256 to +524286}
. Example: {-524256, -524254, -524252, -524250 .....+524284,
All values in: +524286)
0 (Insert Invalid code) Valid sample 33?2277:76 to Accel: Every Other Even number in {-524256 to +524284}
} Example: {-524256, -524252, -524248, -524244 .....+524280,
+524284}
Invalid sample -32768 -524288
Gyro: All Even numbers in {-524288 to +524286}
All values in: | Example: {-524288, -524286, -524284, -524282 .....+524284,
1 (“copy last valid” mode: No invalid Valid sample {-32768 to +524286}
code insertion) +32767} Accel: Every Other Even number in {-524288 to +524284}

Example: {-524288, -524284, -524280 .....+524280, +524284}

Invalid sample

Copy last valid sample

The following table shows the values in sense registers on reset:

FIFO_HOLD_LAST_DATA_EN =0

FIFO_HOLD_LAST_DATA_EN =1

Sample

Power On Reset till First

Accel/Gyro/Temperature Sensor = -32768

Accel/Gyro/Temperature Sensor =0

The following table shows the values in sense registers after first sample is received. As shown in the table, the combination of
FIFO_HOLD_LAST_DATA_EN and FSYNC Tag determine the range of values read for valid samples and invalid samples.

FIFO_HOLD_LAST_DATA_EN

FSYNC tag disabled

FSYNC Enabled on one Sensor

Sensor selected for FSYNC Tag

Other Sensor Not selected for
FSYNC tagging

FSYNC tagged FSYNC not tagged
0 (Insert Invalid Valid | All values in: All ODD values in: All EVEN values in: All values in:
code) aldsampie {35766 to +32767} {-32765 to +32767} {-32766 to +32766} | {-32766 to +32767}

Invalid
sample

Registers do not receive invalid samples. Registers hold last valid sample until new one arrives

1 (“copy last
valid” mode: No
invalid code
insertion)

Valid sample

All values in:
{-32768 to +32767}

All ODD values in: All EVEN values in: All values in:
{-32767 to +32767} {-32768 to +32766} {-32768 to +32767}

Invalid
sample

Registers do not receive invalid samples. Registers hold last valid sample until new one arrives
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13 REGISTER MAP

This section lists the register map for the 1IM-42652, for user banks 0, 1, 2, 4.

13.1 USER BANK 0 REGISTER MAP

(‘:‘de‘i'; (g:‘:f) Register Name s‘l*/’::a' Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 Bit0
11 17 DEVICE_CONFIG R/W - SPI_MODE - SOE[)_’::ISGET_
13 19 DRIVE_CONFIG R/W - 12C_SLEW_RATE SPI_SLEW_RATE
14 20 INT_CONFIG - INT2_MODE INEZIEES#E_ INTZ_TPYOLARI INT1_MODE IN.I;EES:.IYE_ INTl_TPYOLARI
16 22 FIFO_CONFIG R/W FIFO_MODE -
1D 29 TEMP_DATA1_UI SYNCR TEMP_DATA[15:8]
1E 30 TEMP_DATAO_UI SYNCR TEMP_DATA[7:0]
1F 31 ACCEL_DATA_X1_UI SYNCR ACCEL_DATA_XI[15:8]
20 2 ACCEL_DATA_X0_Ul SYNCR ACCEL_DATA_X[7:0]
21 33 ACCEL_DATA_Y1_Ul SYNCR ACCEL_DATA_Y[15:8]
2 34 ACCEL_DATA_YO_UI SYNCR ACCEL_DATA_YI[7:0]
23 35 ACCEL_DATA_Z1_UI SYNCR ACCEL_DATA_Z[15:8]
24 36 ACCEL_DATA_Z0_UI SYNCR ACCEL_DATA_Z[7:0]
25 37 GYRO_DATA_X1_UI SYNCR GYRO _DATA_XI[15:8]
26 38 GYRO _DATA_X0_UI SYNCR GYRO _DATA_X[7:0]
27 39 GYRO _DATA_Y1_UI SYNCR GYRO _DATA_Y[15:8]
28 40 GYRO _DATA_YO_UI SYNCR GYRO _DATA_YI[7:0]
29 41 GYRO _DATA_Z1_UI SYNCR GYRO_DATA_ZI[15:8]
2A 2 GYRO _DATA_Z0_UI SYNCR GYRO_DATA_2I[7:0]
2B 43 TMST_FSYNCH SYNCR TMST_FSYNC_DATA[15:8]
2C 44 TMST_FSYNCL SYNCR TMST_FSYNC_DATA[7:0]
. as INT_STATUS RIC ] FSYNC_INT bLL_RDY INT RESE_TIT\‘L;ONE DATA’\TTRDV_l FIFO_‘I]:HS_IN FIFOT\::TULL_I AGC_I:-DV_IN
2E 46 FIFO_COUNTH R FIFO_COUNT[15:8]
2F 47 FIFO_COUNTL R FIFO_COUNT[7:0]
30 48 FIFO_DATA R FIFO_DATA
31 49 APEX_DATAO SYNCR STEP_CNT[7:0] / FF_DUR([7:0]
32 50 APEX_DATA1 SYNCR STEP_CNT[15:8] / FF_DUR[15:8]
33 51 APEX_DATA2 R STEP_CADENCE
34 52 APEX_DATA3 R - DMP_IDLE ACTIVITY_CLASS
35 53 APEX_DATA4 R - TAP_NUM TAP_AXIS TAP_DIR
36 54 APEX_DATAS R - DOUBLE_TAP_TIMING
37 55 INT_STATUS2 R/C : SMD_INT WOM_Z INT | WOM_Y_INT | WOM_X_INT
38 56 INT_STATUS3 R/C - STEP__II?ET_I N STE\;)F__(I:”::I_O T LT_IEI)_ET_I N - FF_DET_INT TAP_DET_INT
4B 75 SIGNAL_PATH_RESET w/C - DMP”\IlN IT_E DF’;’éZE]’YI_EE'\’\/IL - AB?:;—S’EATND TMST’ESTROB FIFO_FLUSH -
FIFO_HOLD_L
4Cc 76 INTF_CONFIGO R/W AST_DNATA_E FIFO::ECE:UNT FlicE)ﬁg?:NNT SEA’jSEzIR)TECT - UI_SIFS_CFG
4D 77 INTF_CONFIG1 R/W - ACC:LEIF:'E_CL RTC_MODE CLKSEL
4E 78 PWR_MGMTO R/W - TEMP_DIS IDLE GYRO_MODE ACCEL_MODE
4F 79 GYRO_CONFIGO R/W GYRO_UI_FS_SEL - GYRO_ODR
50 80 ACCEL_CONFIGO R/W ACCEL_UI_FS_SEL - ACCEL_ODR
51 81 GYRO_CONFIG1 R/W TEMP_FILT_BW - GYRO_UI_FILT_ORD GYRO_DEC2_M2_ORD
52 82 GYRO_ACCEL_CONFIGO R/W ACCEL_UI_FILT_BW GYRO_UI_FILT_BW
53 83 ACCEL_CONFIG1 R/W - ACCEL_UI_FILT_ORD ACCEL_DEC2_M2_ORD -
54 84 TMST_CONFIG R/W - TMZI;__TE?\‘_RE TMST_RES TMSi_EZELTA TMS.[ET\‘SVNC TMST_EN
56 86 APEX_CONFIGO R/W DI\QPEZSENE TAP_ENABLE PED_ENABLE TILT_ENABLE - FF_ENABLE DMP_ODR
57 87 SMD_CONFIG R/W - WOMN(;_D”:T_ WOM_MODE SMD_MODE
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Addr Addr Serial
Regi: N Bit7 Bi Bif Bit4 Bif Bit2 Bitl Bi
(Hex) (Dec.) egister Name 1 it it6 it5 it it3 it it it0
FIFO_RESUM
- FIFO_WM_G FIFO_HIRES_ FIFO_TMST_F FIFO_TEMP_ FIFO_GYRO_ FIFO_ACCEL_
5F 95 FIFO_CONFIG1 R/W - E_PAR[')I'IAL_R T TH EN SYNC_EN EN EN EN
60 96 FIFO_CONFIG2 R/W FIFO_WM([7:0]
61 97 FIFO_CONFIG3 R/W - FIFO_WM[11:8]
FSYNC_UI_FL
62 98 FSYNC_CONFIG R/W - FSYNC_UI_SEL - AG_CLEAR_S FSYNR(I:.F:OLA
EL
63 99 INT_CONFIGO R/W UI_DRDY_INT_CLEAR FIFO_THS_INT_CLEAR FIFO_FULL_INT_CLEAR
INT_TPULSE_ INT_TDEASSE INT_ASYNC_ .
64 100 INT_CONFIG1 RIW DURATION RT_DISABLE RESET
UI_FSYNC_IN PLL_RDY_INT RESET_DONE UI_DRDY_INT FIFO_THS_IN FIFO_FULL_I UI_AGC_RDY
65 101 INT_SOURCEO RIW ) T1_EN 1_EN _INT1_EN 1_EN T1_EN NT1_EN _INT1_EN
13C_PROTOC
66 102 INT SOURCEL RAW . OL ERROR | . SMD_INT1_E WOM_Z_INT WOM_Y_INT WOM_X_INT
= = - N 1_EN 1_EN 1_EN
NT1_EN - - -
UI_FSYNC_IN PLL_RDY_INT | RESET_DONE | UI_DRDY_INT | FIFO_THS_IN FIFO_FULL_I UI_AGC_RDY
68 104 INT_SOURCE3 R/W - T2_EN 2_EN _INT2_EN 2_EN T2_EN NT2_EN _INT2_EN
13C_PROTOC
60 105 INT_SOURCEA RAW . OL ERROR | . SMD_INT2_E WOM_Z_INT WOM_Y_INT WOM_X_INT
N 2_EN 2_EN 2_EN
NT2_EN - - -
6C 108 FIFO_LOST_PKTO R FIFO_LOST_PKT_CNT[15:8]
6D 109 FIFO_LOST_PKT1 R FIFO_LOST_PKT_CNT[7:0]
ACCEL_ST_P
70 112 SELF_TEST_CONFIG R/W OWER EN_AZ_ST EN_AY_ST EN_AX_ST EN_GZ_ST EN_GY_ST EN_GX_ST
75 117 WHO_AM_I R WHOAMI
76 118 REG_BANK_SEL R/W - BANK_SEL
Addr Addr Serial
Regi: N Bit7 Bil Bi Bit4 Bi Bit2 Bitl Bi
(Hex) (Dec.) egister Name 1 it it6 it5 it it3 it it it0
03 03 SENSOR_CONFIGO R/W ZG_DISABLE YG_DISABLE XG_DISABLE ZA_DISABLE YA_DISABLE XA_DISABLE
0B 11 GYRO_CONFIG_STATIC2 R/W - GYROTSAAF—D GVRO—SNF—DI
oc 12 GYRO_CONFIG_STATIC3 R/W GYRO_AAF_DELT
oD 13 GYRO_CONFIG_STATIC4 R/W GYRO_AAF_DELTSQR[7:0]
OE 14 GYRO_CONFIG_STATICS R/W GYRO_AAF_BITSHIFT GYRO_AAF_DELTSQR[11:8]
OF 15 GYRO_CONFIG_STATIC6 R/W GYRO_X_NF_COSWZ[7:0]
10 16 GYRO_CONFIG_STATIC7 R/W GYRO_Y_NF_COSWZ[7:0]
11 17 GYRO_CONFIG_STATIC8 R/W GYRO_Z_NF_COSWZ[7:0]
GYRO_Z_NF GYRO_Y_NF GYRO_X_NF,
o eniT o Tert T o er T GYRO_Z_NF GYRO_Y_NF GYRO_X_NF
12 18 GYRO_CONFIG_STATIC9 R/W COSWZ_SEL| COSWZ_SEL| COSWZ_SEL| o o o
- - / 0]— [ 0]— [ 0]— [ COSWZ[8] COSWZ[8] COSWZ[8]
13 19 GYRO_CONFIG_STATIC10 R/W - GYRO_NF_BW_SEL GYRO_HPF_BW_IND Gyig—m’;—o
SF 95 XG_ST_DATA R/W XG_ST_DATA
60 96 YG_ST_DATA R/W YG_ST_DATA
61 97 2G_ST_DATA R/W ZG_ST_DATA
62 98 TMSTVALO R TMST_VALUE[7:0]
63 99 TMSTVAL1 R TMST_VALUE[15:8]
64 100 TMSTVAL2 R - TMST_VALUE[19:16]
7A 122 INTF_CONFIG4 R/W '3C-B[L;S—MO - SP'-APE-AW'R -
7B 123 INTF_CONFIGS R/W - PIN9_FUNCTION -
7C 124 INTF_CONFIG6 R/W ASYNEEMEO - I3C_EN BCJBF!NBYTE 13C_IBI_EN I3C_DDR_EN I3C_SDR_EN
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13.3 USER BANK 2 REGISTER MAP

03 03 ACCEL_CONFIG_STATIC2 R/W - ACCEL_AAF_DELT ACCEDLI—SAAF—
04 04 ACCEL_CONFIG_STATIC3 R/W ACCEL_AAF_DELTSQR[7:0]

05 05 ACCEL_CONFIG_STATIC4 R/W ACCEL_AAF_BITSHIFT ACCEL_AAF_DELTSQR[11:8]

3B 59 XA_ST_DATA R/W XA_ST_DATA

3C 60 YA_ST_DATA R/W YA_ST_DATA

3D 61 ZA_ST_DATA R/W ZA_ST_DATA

13.4 USER BANK 3 REGISTER MAP

06 06 PU_PD_CONFIG1 R/W P'NllﬁPU-E PIN7_PU_EN - PIN9_PD_EN P'NloﬁPU-E PIN3_PU_EN PIN2_PU_EN PIN4_PD_EN
oF 14 PU_PD_CONFIG2 RAW . PINLPD_EN PIN12_PU_E PIN12_PD_E PIN14_PU_E PIN14_PD_E PIN13_PU_E PIN13_PD_E
N N N N N N
13.5 USER BANK 4 REGISTER MAP

09 09 FDR_CONFIG R/W - FDR_SEL

40 64 APEX_CONFIG1 R/W LOW_ENERGY_AMP_TH_SEL DMP_POWER_SAVE_TIME_SEL

a1 65 APEX_CONFIG2 R/W PED_AMP_TH_SEL PED_STEP_CNT_TH_SEL

42 66 APEX_CONFIG3 R/W PED_STEP_DET_TH_SEL PED_SB_TIMER_TH_SEL PED_HI_EN_TH_SEL

43 67 APEX_CONFIG4 R/W TILT_WAIT_TIME_SEL LOWG_PEAK_TH_HYST_SEL HIGHG_PEAK_TH_HYST_SEL

44 68 APEX_CONFIG5 R/W LOWG_PEAK_TH_SEL LOWG_TIME_TH_SEL

45 69 APEX_CONFIG6 R/W HIGHG_PEAK_TH_SEL HIGHG_TIME_TH_SEL

46 70 APEX_CONFIG7 R/W TAP_MIN_JERK_THR | TAP_MAX_PEAK_TOL

47 71 APEX_CONFIG8 R/W - TAP_TMAX | TAP_TAVG TAP_TMIN

48 72 APEX_CONFIG9 R/W - SEN;'CT"I;/SY—

49 73 APEX_CONFIG10 R/W FF_MIN_DURATION_CM | FF_MAX_DURATION_CM | FF_DEBOUNCE_DURATION

4A 74 ACCEL_WOM_X_THR R/W WOM_X_TH

4B 75 ACCEL_WOM_Y_THR R/W WOM_Y_TH

4 76 ACCEL_WOM_Z_THR R/W WOM_Z_TH

o | 7 | wowes | - wepsew [ oo T o [ T e Turocan

w | | wowe | - sepem | sone | mroma | | e | e og e

aF 79 INT_SOURCES W i FSYN?\‘_IBI_E PLL_R;)NY_IBI_ UI_D_RED’\lY_IBI FlFo:TE:s_lm FIFO I__FEUNLL_lrs AGc__REzY_lsl

50 80 INT_SOURCE9 R/W gf_‘é’sfgﬁ C| - SMD_IBI_EN WOME—'\‘Z—'B'— WOME—’\T—'B'— WOME—'\)‘(—'B'— -
BI_EN

s a1 INT_SOURCE10 AW i STEPIZE’I\E‘T_IB S'I:IE-Z_;ZIEI;'NO TILT__IEI'E\JT_IBI . FRTE_EIFB/TEE’_\‘DE TAP__DE’E\‘T_lm

77 119 OFFSET_USERO R/W GYRO_X_OFFUSER[7:0]

78 120 OFFSET_USER1 R/W GYRO_Y_OFFUSER[11:8] | GYRO_X_OFFUSER[11:8]

79 121 OFFSET_USER2 R/W GYRO_Y_OFFUSER[7:0]

7A 122 OFFSET_USER3 R/W GYRO_Z_OFFUSER[7:0]

7B 123 OFFSET_USER4 R/W ACCEL_X_OFFUSER[11:8] l GYRO_Z_OFFUSER[11:8]

7c 124 OFFSET_USERS R/W ACCEL_X_OFFUSER[7:0]

7D 125 OFFSET_USER6 R/W ACCEL_Y_OFFUSER[7:0]

7E 126 OFFSET_USER7 R/W ACCEL_Z_OFFUSER[11:8] | ACCEL_Y_OFFUSER[11:8]

7F 127 OFFSET_USERS R/W ACCEL_Z_OFFUSER[7:0]
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Detailed register descriptions are provided in the sections that follow. Please note the following regarding Clock Domain for each
register:

o  Clock Domain: SCLK_UI means that the register is controlled from the Ul interface

Register fields marked as Reserved must not be modified by the user. The Reset Value of the register can be used to determine the
default value of reserved register fields, and unless otherwise noted this default value must be maintained even if the values of
other register fields are modified by the user.

13.6 REGISTER VALUES MODIFICATION

The only register settings that user can modify during sensor operation are for ODR selection, FSR selection, and sensor mode
changes (register parameters GYRO_ODR, ACCEL_ODR, GYRO_FS_SEL, ACCEL_FS_SEL, GYRO_MODE, ACCEL_MODE). User must not
modify any other register values during sensor operation. The following procedure must be used for register values modification:

e Turn Accel and Gyro Off
¢ Modify register values

e Turn Accel and/or Gyro On
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14 USER BANK 0 REGISTER MAP — DESCRIPTIONS

This section describes the function and contents of each register within USR Bank 0.
Note: The device powers up in sleep mode.

14.1 DEVICE_CONFIG

Name: DEVICE_CONFIG
Address: 17 (11h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7:5 | - Reserved
4 SPI_MODE SPI mode selection

0: Mode 0 and Mode 3 (default)
1: Mode 1 and Mode 2
31 |- Reserved
0 SOFT_RESET_CONFIG Software reset configuration
0: Normal (default)
1: Enable reset
After writing 1 to this bitfield, wait 1ms for soft reset to be effective, before
attempting any other register access

14.2 DRIVE_CONFIG

Name: DRIVE_CONFIG

Address: 19 (13h)

Serial IF: R/W

Reset value: 0x05

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

76 | - Reserved
Controls slew rate for output pin 14 in I°C mode only
000: 20ns-60ns
001: 12ns-36ns
010: 6ns-18ns
5:3 | 12C_SLEW_RATE 011: 4ns-12ns
100: 2ns-6ns
101: < 2ns
110: Reserved
111: Reserved
Controls slew rate for output pin 14 in SPI or I3C°™ mode, and for all other
output pins
000: 20ns-60ns
001: 12ns-36ns
010: 6ns-18ns
011:4ns-12ns
100: 2ns-bns
101: < 2ns
110: Reserved
111: Reserved

2:0 | SPI_SLEW_RATE
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14.3 INT_CONFIG

Name: INT_CONFIG
Address: 20 (14h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

76 |-

Reserved

5 INT2_MODE

INT2 interrupt mode
0: Pulsed mode
1: Latched mode

4 INT2_DRIVE_CIRCUIT

INT2 drive circuit
0: Open drain
1: Push pull

3 INT2_POLARITY

INT2 interrupt polarity
0: Active low (default)
1: Active high

2 | INT1L_MODE

INT1 interrupt mode
0: Pulsed mode
1: Latched mode

1 INT1_DRIVE_CIRCUIT

INT1 drive circuit
0: Open drain
1: Push pull

0 INT1_POLARITY

INT1 interrupt polarity
0: Active low (default)

1: Active high
14.4 FIFO_CONFIG

Name: FIFO_CONFIG

Address: 22 (16h)

Serial IF: R/W

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:6 | FIFO_MODE 00: Bypass Mode (default)
01: Stream-to-FIFO Mode
10: STOP-on-FULL Mode
11: STOP-on-FULL Mode

5.0 | - Reserved

14.5 TEMP_DATA1l

Name: TEMP_DATA1
Address: 29 (1Dh)
Serial IF: SYNCR

Reset value: 0x80
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:0

TEMP_DATA[15:8]

Upper byte of temperature data
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14.6 TEMP_DATAO

Name: TEMP_DATAO

Address: 30 (1Eh)

Serial IF: SYNCR

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | TEMP_DATA[7:0] Lower byte of temperature data

Temperature data value from the sensor data registers can be converted to degrees centigrade by using the following formula:
Temperature in Degrees Centigrade = (TEMP_DATA / 132.48) + 25

FIFO_TEMP_DATA, temperature data stored in FIFO, can be 8-bit or 16-it quantity. The 8-bit of temperature data stored in FIFO is

limited to -40°C to 85°C range, while the 16-bit representation can support the full operating temperature range. It can be converted

to degrees centigrade by using the following formula:

Temperature in Degrees Centigrade = (FIFO_TEMP_DATA / 2.07) + 25

14.7 ACCEL_DATA_X1

Name: ACCEL_DATA_X1

Address: 31 (1Fh)

Serial IF: SYNCR

Reset value: 0x80

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | ACCEL_DATA_X[15:8] Upper byte of Accel X-axis data

14.8 ACCEL_DATA_XO

Name: ACCEL_DATA_XO

Address: 32 (20h)

Serial IF: SYNCR

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | ACCEL_DATA_X[7:0] Lower byte of Accel X-axis data

14.9 ACCEL_DATA_Y1

Name: ACCEL_DATA_Y1
Address: 33 (21h)

Serial IF: SYNCR

Reset value: 0x80

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | ACCEL_DATA _Y[15:8] Upper byte of Accel Y-axis data
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14.10 ACCEL_DATA_YO

Name: ACCEL_DATA_YO
Address: 34 (22h)

Serial IF: SYNCR

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | ACCEL_DATA_Y[7:0] Lower byte of Accel Y-axis data

14.11 ACCEL_DATA_Z1

Name: ACCEL_DATA_71
Address: 35 (23h)
Serial IF: SYNCR
Reset value: 0x80
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
7:0 | ACCEL_DATA_Z[15:8] Upper byte of Accel Z-axis data

14.12 ACCEL_DATA_Z0

Name: ACCEL_DATA_Z0
Address: 36 (24h)

Serial IF: SYNCR

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | ACCEL_DATA_Z[7:0] Lower byte of Accel Z-axis data

14.13 GYRO_DATA_X1

Name: GYRO_DATA_X1
Address: 37 (25h)
Serial IF: SYNCR
Reset value: 0x80
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
7:0 | GYRO_DATA_X[15:8] Upper byte of Gyro X-axis data
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14.14 GYRO_DATA_X0

Name: GYRO_DATA_XO
Address: 38 (26h)
Serial IF: SYNCR

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_DATA_X[7:0]

Lower byte of Gyro X-axis data

14.15 GYRO_DATA_Y1

Name: GYRO_DATA_Y1
Address: 39 (27h)
Serial IF: SYNCR

Reset value: 0x80
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_DATA_Y[15:8]

Upper byte of Gyro Y-axis data

14.16 GYRO_DATA_Y0

Name: GYRO_DATA_YO
Address: 40 (28h)
Serial IF: SYNCR

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_DATA_Y[7:0]

Lower byte of Gyro Y-axis data

14.17 GYRO_DATA 71

Name: GYRO_DATA_Z1
Address: 41 (29h)
Serial IF: SYNCR

Reset value: 0x80
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_DATA_Z[15:8]

Upper byte of Gyro Z-axis data

14.18 GYRO_DATA_Z0

Name: GYRO_DATA_Z0
Address: 42 (2Ah)
Serial IF: SYNCR

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_DATA_Z[7:0]

Lower byte of Gyro Z-axis data
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14.19 TMST_FSYNCH

Name: TMST_FSYNCH
Address: 43 (2Bh)
Serial IF: SYNCR

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
Stores the upper byte of the time delta from the rising edge of FSYNC to
7:0 | TMST_FSYNC_DATA[15:8] the latest ODR until the Ul Interface reads the FSYNC tag in the status
register

14.20 TMST_FSYNCL

Name: TMST_FSYNCL
Address: 44 (2Ch)
Serial IF: SYNCR

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
Stores the lower byte of the time delta from the rising edge of FSYNC to
7:0 | TMST_FSYNC_DATA[7:0] the latest ODR until the Ul Interface reads the FSYNC tag in the status
register

14.21 INT_STATUS

Name: INT_STATUS
Address: 45 (2Dh)
Serial IF: R/C
Reset value: 0x10
Clock Domain: SCLK_UI
BIT | NAME FUNCTION

7 - Reserved
This bit automatically sets to 1 when a Ul FSYNC interrupt is generated. The
bit clears to 0 after the register has been read.
This bit automatically sets to 1 when a PLL Ready interrupt is generated. The
bit clears to 0 after the register has been read.
This bit automatically sets to 1 when software reset is complete. The bit
clears to 0 after the register has been read.
This bit automatically sets to 1 when a Data Ready interrupt is generated.
The bit clears to 0 after the register has been read.
This bit automatically sets to 1 when the FIFO buffer reaches the threshold
value. The bit clears to O after the register has been read.
This bit automatically sets to 1 when the FIFO buffer is full. The bit clears to
0 after the register has been read.
This bit automatically sets to 1 when an AGC Ready interrupt is generated.
The bit clears to 0 after the register has been read.

6 | UL_FSYNC_INT

5 | PLL_RDY_INT

4 | RESET_DONE_INT

3 | DATA_RDY_INT

2 | FIFO_THS_INT

1 | FIFO_FULL_INT

0 | AGC_RDY_INT
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14.22 FIFO_COUNTH

Name: FIFO_COUNTH

Address: 46 (2Eh)

Serial IF: R

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

High Bits, count indicates the number of records or bytes available in FIFO
according to FIFO_COUNT_REC setting.

Note: Must read FIFO_COUNTL to latch new data for both FIFO_COUNTH
and FIFO_COUNTL.

7:0 | FIFO_COUNT[15:8]

14.23 FIFO_COUNTL

Name: FIFO_COUNTL

Address: 47 (2Fh)

Serial IF: R

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

Low Bits, count indicates the number of records or bytes available in FIFO
according to FIFO_COUNT_REC setting.

Reading this byte latches the data for both FIFO_COUNTH, and
FIFO_COUNTL.

7:0 | FIFO_COUNT[7:0]

14.24 FIFO_DATA

Name: FIFO_DATA

Address: 48 (30h)

Serial IF: R

Reset value: OxFF

Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7:0 | FIFO_DATA FIFO data port

14.25 APEX_DATAO

Name: APEX_DATAO
Address: 49 (31h)
Serial IF: SYNCR

Reset value: 0x00
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
STEP_CNT[7:0] (when
Pedometer is enabled)
FF_DUR[7:0] (when Freefall
Detection is enabled)

Pedometer Output: Lower byte of Step Count measured by pedometer

7:0
Lower byte of Freefall Duration
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14.26 APEX_DATA1

Name: APEX_DATA1
Address: 50 (32h)
Serial IF: SYNCR

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

STEP_CNT[15:8] (when
Pedometer is enabled)

Pedometer Output: Upper byte of Step Count measured by pedometer

7:0 | FF_DUR[15:8] (when
Freefall Detection is
enabled)

Upper byte of Freefall Duration

14.27 APEX_DATA2

Name: APEX_DATA2
Address: 51 (33h)
Serial IF: R

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | STEP_CADENCE

Pedometer Output: Walk/run cadency in number of samples. Format is
u6.2. e.g. At 50Hz ODR and 2Hz walk frequency, the cadency is 25 samples.
The register will output 100.

14.28 APEX_DATA3

Name: APEX_DATA3
Address: 52 (34h)
Serial IF: R

Reset value: 0x04
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7:3 |- Reserved
2 DMP_IDLE 0: Indicates DMP is running

1: Indicates DMP is idle

1:0 | ACTIVITY_CLASS

Pedometer Output: Detected activity
00: Unknown

01: Walk

10: Run

11: Reserved

IIM-42652
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14.29 APEX_DATA4

Name: APEX_DATA4
Address: 53 (35h)
Serial IF: R

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:5 | - Reserved
Tap Detection Output: Number of taps in the current Tap event
00: No tap

4:3 [ TAP_NUM 01: Single tap

10: Double tap

11: Reserved

Tap Detection Output: Represents the accelerometer axis on which tap
energy is concentrated

00: X-axis

01: Y-axis

10: Z-axis

11: Reserved

Tap Detection Output: Polarity of tap pulse

0: Current accelerometer value — Previous accelerometer value is a positive
0 TAP_DIR value

1: Current accelerometer value — Previous accelerometer value is a negative
value or zero

2:1 | TAP_AXIS

14.30 APEX_DATAS

Name: APEX_DATAS

Address: 54 (36h)

Serial IF: R

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

76 |- Reserved

DOUBLE_TAP_TIMING measures the time interval between the two taps
when double tap is detected. It counts every 16 accelerometer samples as
one unit between the 2 tap pulses. Therefore, the value is related to the
accelerometer ODR.

Time in seconds = DOUBLE_TAP_TIMING * 16 / ODR

For example, if the accelerometer ODR is 500 Hz, and the
DOUBLE_TAP_TIMING register reading is 6, the time interval value is
6*16/500 = 0.192 seconds.

5:0 | DOUBLE_TAP_TIMING
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14.31 INT_STATUS2

Name: INT_STATUS2
Address: 55 (37h)
Serial IF: R/C

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7:4 | - Reserved
3 SMD_INT Significant Motion Detection Interrupt, clears on read
2 WOM_Z_INT Wake on Motion Interrupt on Z-axis, clears on read
1 WOM_Y_INT Wake on Motion Interrupt on Y-axis, clears on read
0 WOM_X_INT Wake on Motion Interrupt on X-axis, clears on read

14.32 INT_STATUS3

Name: INT_STATUS3
Address: 56 (38h)
Serial IF: R/C

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
76 | - Reserved
5 STEP_DET_INT Step Detection Interrupt, clears on read
4 STEP_CNT_OVF_INT Step Count Overflow Interrupt, clears on read
3 TILT_DET_INT Tilt Detection Interrupt, clears on read
2 - Reserved
1 FF_DET_INT Freefall Interrupt, clears on read
0 TAP_DET_INT Tap Detection Interrupt, clears on read

14.33 SIGNAL_PATH_RESET

Name: SIGNAL_PATH_RESET
Address: 75 (4Bh)

Serial IF: W/C

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7 - Reserved
6 DMP_INIT_EN When this bit is set to 1, the DMP is enabled
5 DMP_MEM_RESET_EN When this bit is set to 1, the DMP memory is reset
4 - Reserved
3 ABORT AND_RESET When this bit is set to 1, the signal path is reset by restarting the ODR

counter and signal path controls

2 TMST_STROBE

When this bit is set to 1, the time stamp counter is latched into the time
stamp register. This is a write on clear bit.

1 FIFO_FLUSH

When set to 1, FIFO will get flushed.

Reserved

IIM-42652
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14.34 INTF_CONFIGO

Name: INTF_CONFIGO

Address: 76 (4Ch)

Serial IF: R/W

Reset value: 0x30

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

Setting this bit to 0:

In order to signal an invalid sample, and to differentiate it from a valid
sample based on values only:

Sense Registers:

e Do not receive invalid samples. They hold the last valid
sample. Repeated reading before new sample received will yield copies
of the last valid sample.

e Valid samples of values -32768, -32767 are replaced with -32766

e FSYNC Tagging can modify the least significant bit and further limit
values (see section 12.8).

FIFO:
e 16-bit FIFO packet: Same as Sense Registers, except:
o FSYNC tagging is not applied to data in FIFO.
e 20-bit FIFO packet:
o Invalid samples are indicated with the value -524288
o Valid samples in {-524288 to -524258} are replaced by -524256
o Valid Gyro samples: All Even numbers in { -524256 to

7 FIFO_HOLD_LAST_DATA_E +524286}
N o Valid Accel samples: All numbers divisible by 4 in {-524256 to
+524284}

o FSYNC tagging is not applied to data in FIFO.

Setting this bit to 1:

Sense registers:
e Do not receive invalid samples. They hold the last valid
sample. Repeated reading before new sample received will yield copies
of the last valid sample.
e FSYNC Tagging can modify the least significant bit and further limit
values (see section 12.8).
FIFO:
e Invalid sample will get copy of last valid sample
e 16-bit FIFO packet: Same as Sense Registers, except:
o FSYNC tagging is not applied to data in FIFO.
e 20-bit FIFO packet:
o Valid Gyro samples: All Even numbers in {-524288 to
+524286}
o - Valid Accel samples: All numbers divisible by 4 in {-524288 to
+524284}
0: FIFO count is reported in bytes
1: FIFO count is reported in records (1 record = 16 bytes for header + gyro +
accel + temp sensor data + time stamp, or 8 bytes for header + gyro/accel +
temp sensor data)
0: FIFO count is reported in Little Endian format
1: FIFO count is reported in Big Endian format (default)

6 | FIFO_COUNT_REC

5 FIFO_COUNT_ENDIAN
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0: Sensor data is reported in Little Endian format
1: Sensor data is reported in Big Endian format (default)

4 | SENSOR_DATA_ENDIAN

3:2 |- Reserved
Ox: Reserved
1:0 | UI_SIFS_CFG 10: Disable SPI
11: Disable 12C

Invalid Data Generation: FIFO/Sense Registers may contain invalid data under the following conditions:

a) From power on reset to first ODR sample of any sensor (accel, gyro, temp sensor)

b) When any sensor is disabled (accel, gyro, temp sensor)

c) When accel and gyro are enabled with different ODRs. In this case, the sensor with lower ODR will generate invalid samples
when it has no new data.

Invalid data can take special values or can hold last valid sample received. For -32768 to be used as a flag for invalid accel/gyro

samples, the valid accel/gyro sample range is limited in such case as well. Bit 7 of INTF_CONFIGO controls what values invalid (and
valid) samples can take as shown above.

14.35 INTF_CONFIG1

Name: INTF_CONFIG1

Address: 77 (4Dh)

Serial IF: R/W

Reset value: 0x91

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:4 | - Reserved

0: Accelerometer LP mode uses Wake Up oscillator clock
1: Accelerometer LP mode uses RC oscillator clock

0: No input RTC clock is required

1: RTC clock input is required

00: Always select internal RC oscillator

01: Select PLL when available, else select RC oscillator (default)
10: Reserved

11: Disable all clocks

3 | ACCEL_LP_CLK_SEL

2 | RTC_MODE

1:0 | CLKSEL

14.36 PWR_MGMTO

Name: PWR_MGMTO
Address: 78 (4Eh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
76 |- Reserved
5 TEMP DIS 0: Temperature sensor !s e.nabled (default)
- 1: Temperature sensor is disabled
If this bit is set to 1, the RC oscillator is powered on even if Accel and Gyro
4 IDLE are powered off.

Nominally this bit is set to 0, so when Accel and Gyro are powered off,
the chip will go to OFF state, since the RC oscillator will also be powered off
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3:2 | GYRO_MODE

00: Turns gyroscope off (default)

01: Places gyroscope in Standby Mode

10: Reserved

11: Places gyroscope in Low Noise (LN) Mode

Gyroscope needs to be kept ON for a minimum of 45ms. When transitioning
from OFF to any of the other modes, do not issue any register writes for
200ps.

1:0 | ACCEL_MODE

00: Turns accelerometer off (default)

01: Turns accelerometer off

10: Places accelerometer in Low Power (LP) Mode
11: Places accelerometer in Low Noise (LN) Mode

When transitioning from OFF to any of the other modes, do not issue any
register writes for 200us.

14.37 GYRO_CONFIGO

Name: GYRO_CONFIGO
Address: 79 (4Fh)
Serial IF: R/W

Reset value: 0x06
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:5 | GYRO_FS_SEL

Full scale select for gyroscope Ul interface output
000: +2000dps (default)

001: £1000dps

010: £500dps

011: +250dps

100: +125dps

101: +62.5dps

110: +31.25dps

111: £15.625dps

Reserved

3:0 | GYRO_ODR

Gyroscope ODR selection for Ul interface output
0000: Reserved
0001: 32kHz

0010: 16kHz

0011: 8kHz

0100: 4kHz

0101: 2kHz

0110: 1kHz (default)
0111: 200Hz

1000: 100Hz

1001: 50Hz

1010: 25Hz
1011:12.5Hz

1100: Reserved
1101: Reserved
1110: Reserved
1111: 500Hz

IIM-42652
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14.38 ACCEL_CONFIGO

Name: ACCEL_CONFIGO
Address: 80 (50h)

Serial IF: R/W

Reset value: 0x06
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:5 | ACCEL_FS_SEL

Full s
000:
001:
010:
011:
100:
101:
110:
111:

cale select for accelerometer Ul interface output
+16g (default)

18g

t4g

+2g

Reserved

Reserved

Reserved

Reserved

Reserved

3:0 | ACCEL_ODR

Accelerometer ODR selection for Ul interface output

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:

1001
1010

1011:
1100:
1101:
1110:
1111:

Reserved

32kHz

16kHz

8kHz (LN mode)

4kHz (LN mode)

2kHz (LN mode)

1kHz (LN mode) (default)
200Hz (LP or LN mode)
100Hz (LP or LN mode)
: 50Hz (LP or LN mode)

: 25Hz (LP or LN mode)
12.5Hz (LP or LN mode)
6.25Hz (LP mode)
3.125Hz (LP mode)
1.5625Hz (LP mode)
500Hz (LP or LN mode)
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14.39 GYRO_CONFIG1

Name: GYRO_CONFIG1
Address: 81 (51h)
Serial IF: R/W

Reset value: 0x16
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
Sets the bandwidth of the temperature signal DLPF
000: DLPF BW = 4000Hz; DLPF Latency = 0.125ms (default)
001: DLPF BW = 170Hz; DLPF Latency = 1ms
010: DLPF BW = 82Hz; DLPF Latency = 2ms
7:5 | TEMP_FILT_BW 011: DLPF BW = 40Hz; DLPF Latency = 4ms
100: DLPF BW = 20Hz; DLPF Latency = 8ms
101: DLPF BW = 10Hz; DLPF Latency = 16ms
110: DLPF BW = 5Hz; DLPF Latency = 32ms
111: DLPF BW = 5Hz; DLPF Latency = 32ms
4 - Reserved
Selects order of GYRO Ul filter
00: 1%t Order
3:2 | GYRO_UI_FILT_ORD 01: 2" Order
10: 3 Order
11: Reserved
Selects order of GYRO DEC2_M2 Filter
00: Reserved
1:0 | GYRO_DEC2_M2_ORD 01: Reserved

10: 3" Order
11: Reserved
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14.40 GYRO_ACCEL_CONFIGO

Name: GYRO_ACCEL_CONFIGO
Address: 82 (52h)
Serial IF: R/W
Reset value: 0x11
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
LN Mode:
Bandwidth for Accel LPF
0 BW=0DR/2
1 BW=max(400Hz, ODR)/4 (default)
2 BW=max(400Hz, ODR)/5
3 BW=max(400Hz, ODR)/8
4 BW=max(400Hz, ODR)/10
( )
( )
)

5 BW=max(400Hz, ODR)/16

6 BW=max(400Hz, ODR)/20

7 BW=max(400Hz, ODR)/40

8 to 13: Reserved

14 Low Latency option: Trivial decimation @ ODR of Dec2 filter output. Dec2
runs at max(400Hz, ODR)

15 Low Latency option: Trivial decimation @ ODR of Dec2 filter output. Dec2
runs at max(200Hz, 8*ODR)

7:4 | ACCEL_UI_FILT_BW

LP Mode:
0 Reserved
1 1x AVG filter (default)
2 to 5 Reserved
6 16x AVG filter
7 to 15 Reserved
LN Mode:
Bandwidth for Gyro LPF
0 BW=0DR/2
1 BW=max(400Hz, ODR
2 BW=max(400Hz, ODR)/5
3 BW=max(400Hz, ODR)/8
4 BW=max(400Hz, ODR)/10
(
(

/4 (default)

= ==

3:0 | GYRO_UI_FILT_BW 5 BW=max(400Hz, ODR)/16

6 BW=max(400Hz, ODR)/20

7 BW=max(400Hz, ODR)/40

8 to 13: Reserved

14 Low Latency option: Trivial decimation @ ODR of Dec2 filter output. Dec2
runs at max(400Hz, ODR)

15 Low Latency option: Trivial decimation @ ODR of Dec2 filter output. Dec2
runs at max(200Hz, 8*ODR)
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14.41 ACCEL_CONFIG1

Name: ACCEL_CONFIG1
Address: 83 (53h)
Serial IF: R/W

Reset value: 0x0D
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:5

Reserved

4:3

ACCEL_UI_FILT_ORD

Selects order of ACCEL Ul filter
00: 1%t Order
01: 2" Order
10: 3" Order
11: Reserved

2:1

ACCEL_DEC2_M2_ORD

Order of Accelerometer DEC2_M2 filter
00: Reserved
01: Reserved
10: 3" order
11: Reserved

Reserved
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14.42 TMST_CONFIG

Name: TMST_CONFIG

Address: 84 (54h)

Serial IF: R/W

Reset value: 0x23

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:5 | - Reserved

0: TMST_VALUE[19:0] read always returns Os

1: TMST_VALUE[19:0] read returns timestamp value

Time Stamp resolution: When set to 0 (default), time stamp resolution is 1
us. When set to 1, resolution is 16us

Time Stamp delta enable: When set to 1, the time stamp field contains the
measurement of time since the last occurrence of ODR.

Time Stamp register FSYNC enable (default). When set to 1, the contents of
the Timestamp feature of FSYNC is enabled. The user also needs to select
FIFO_TMST_FSYNC_EN in order to propagate the timestamp value to the
FIFO.

0: Time Stamp register disable

1: Time Stamp register enable (default)

4 | TMST_TO_REGS_EN

3 | TMST_RES

2 | TMST_DELTA_EN

1 | TMST_FSYNC_EN

0 TMST_EN
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14.43 APEX_CONFIGO

Name: APEX_CONFIGO
Address: 86 (56h)
Serial IF: R/W

Reset value: 0x82
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
0: DMP power save mode not active
/ DMP_POWER_SAVE 1: DMP power save mode active (default)
0: Tap Detection not enabled
6 TAP_ENABLE 1: Tap Detection enabled when accelerometer ODR is set to one of the ODR
values supported by Tap Detection (200Hz, 500Hz, 1kHz)
0: Pedometer not enabled
> PED_ENABLE 1: Pedometer enabled
0: Tilt Detection not enabled
4 TILT_ENABLE 1: Tilt Detection enabled
3 - Reserved
0: Freefall Detection not enabled
2 FF_ENABLE 1: Freefall Detection enabled
00: 25Hz
01: Reserved
1:0 | DMP_ODR 10: 50Hz

11: Reserved

14.44 SMD_CONFIG

Name: SMD_CONFIG
Address: 87 (57h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7:4 | - Reserved
0: Set WoM interrupt on the OR of all enabled accelerometer thresholds
3 WOM_INT_MODE 1: Set WoM interrupt on the AND of all enabled accelerometer threshold
5 WOM MODE 0: Initial sample is stored. Future sa'mples are compared to initial sample
- 1: Compare current sample to previous sample
00: SMD disabled
01: WOM mode
1:0 | SMD_MODE 10: SMD short (1 sec wait) An SMD event is detected when two WOM are

detected 1 sec apart
11: SMD long (3 sec wait) An SMD event is detected when two WOM are
detected 3 sec apart

IIM-42652
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14.45 FIFO_CONFIG1

Name: FIFO_CONFIG1
Address: 95 (5Fh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7 -

Reserved

6 FIFO_RESUME_PARTIAL_RD

0: Partial FIFO read disabled, requires re-reading of the entire FIFO
1: FIFO read can be partial, and resume from last read point

5 | FIFO_WM_GT_TH

Trigger FIFO watermark interrupt on every ODR (DMA write) if
FIFO_COUNT 2 FIFO_WM_TH

4 | FIFO_HIRES_EN

0: Default setting; Sensor data have regular resolution
1: Sensor data in FIFO will have extended resolution enabling the 20 Bytes
packet

FIFO_ACCEL_EN

3 FIFO_TMST_FSYNC_EN Must be set to 1 for all FIFO use cases when FSYNC is used
2 FIFO_TEMP_EN Enable temperature sensor packets to go to FIFO

1 FIFO_GYRO_EN Enable gyroscope packets to go to FIFO

0

Enable accelerometer packets to go to FIFO

14.46 FIFO_CONFIG2

Name: FIFO_CONFIG2
Address: 96 (60h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | FIFO_WM[7:0]

Lower bits of FIFO watermark. Generate interrupt when the FIFO reaches
or exceeds FIFO_WM size in bytes or records according to
FIFO_COUNT_REC setting. FIFO_WM_EN must be zero before writing this
register. Interrupt only fires once. This register should be set to non-zero
value, before choosing this interrupt source.

14.47 FIFO_CONFIG3

Name: FIFO_CONFIG3
Address: 97 (61h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:4 | -

Reserved

3:0 | FIFO_WM[11:8]

Upper bits of FIFO watermark. Generate interrupt when the FIFO reaches
or exceeds FIFO_WM size in bytes or records according to
FIFO_COUNT_REC setting. FIFO_WM_EN must be zero before writing this
register. Interrupt only fires once. This register should be set to non-zero
value, before choosing this interrupt source.

Note: Do not set FIFO_WM to value 0.

IIM-42652
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14.48 FSYNC_CONFIG

Name: FSYNC_CONFIG
Address: 98 (62h)
Serial IF: R/W

Reset value: 0x10
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7

Reserved

6:4

FSYNC_UI_SEL

000: Do not tag FSYNC flag

001: Tag FSYNC flag to TEMP_OUT LSB
010: Tag FSYNC flag to GYRO_XOUT LSB
011: Tag FSYNC flag to GYRO_YOUT LSB
100: Tag FSYNC flag to GYRO_ZOUT LSB
101: Tag FSYNC flag to ACCEL_XOUT LSB
110: Tag FSYNC flag to ACCEL_YOUT LSB
111: Tag FSYNC flag to ACCEL_ZOUT LSB

3:2

Reserved

FSYNC_UI_FLAG_CLEAR_SE
L

0: FSYNC flag is cleared when Ul sensor register is updated

1: FSYNC flag is cleared when Ul interface reads the sensor register LSB of

FSYNC tagged axis

FSYNC_POLARITY

0: Start from Rising edge of FSYNC pulse to measure FSYNC interval
1: Start from Falling edge of FSYNC pulse to measure FSYNC interval

14.49 INT_CONFIGO

Name: INT_CONFIGO
Address: 99 (63h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:6

Reserved

5:4

UI_DRDY_INT_CLEAR

Data Ready Interrupt Clear Option (latched mode)

00: Clear on Status Bit Read (default)

01: Clear on Status Bit Read

10: Clear on Sensor Register Read

11: Clear on Status Bit Read AND on Sensor Register read

3:2

FIFO_THS_INT_CLEAR

FIFO Threshold Interrupt Clear Option (latched mode)

00: Clear on Status Bit Read (default)

01: Clear on Status Bit Read

10: Clear on FIFO data 1Byte Read

11: Clear on Status Bit Read AND on FIFO data 1 byte read

1.0

FIFO_FULL_INT_CLEAR

FIFO Full Interrupt Clear Option (latched mode)

00: Clear on Status Bit Read (default)

01: Clear on Status Bit Read

10: Clear on FIFO data 1Byte Read

11: Clear on Status Bit Read AND on FIFO data 1 byte read
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14.50 INT_CONFIG1

Name: INT_CONFIG1
Address: 100 (64h)
Serial IF: R/W
Reset value: 0x10
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
7 - Reserved
Interrupt pulse duration
0: Interrupt pulse duration is 100us. Use only if ODR < 4kHz. (Default)
1: Interrupt pulse duration is 8 us. Required if ODR = 4kHz, optional for ODR
< 4kHz.
Interrupt de-assertion duration
0: The interrupt de-assertion duration is set to a minimum of 100us. Use
5 INT_TDEASSERT_DISABLE only if ODR < 4kHz. (Default)
1: Disables de-assert duration. Required if ODR > 4kHz, optional for ODR <
4kHz.
User should change setting to 0 from default setting of 1, for proper INT1
and INT2 pin operation
3.0 | - Reserved

6 INT_TPULSE_DURATION

4 INT_ASYNC_RESET

14.51 INT_SOURCEO

Name: INT_SOURCEOQ
Address: 101 (65h)
Serial IF: R/W
Reset value: 0x10
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
7 - Reserved
: Ul FSYNC interrupt not routed to INT1
: UL FSYNC interrupt routed to INT1
: PLL ready interrupt not routed to INT1
: PLL ready interrupt routed to INT1
: Reset done interrupt not routed to INT1
: Reset done interrupt routed to INT1
: Ul data ready interrupt not routed to INT1
: Ul data ready interrupt routed to INT1
: FIFO threshold interrupt not routed to INT1
: FIFO threshold interrupt routed to INT1
: FIFO full interrupt not routed to INT1
: FIFO full interrupt routed to INT1
: Ul AGC ready interrupt not routed to INT1
: Ul AGC ready interrupt routed to INT1

6 | UL_FSYNC_INT1_EN

5 | PLL_RDY_INT1_EN

4 | RESET_DONE_INT1_EN

3 | UI_DRDY_INT1_EN

2 | FIFO_THS_INT1_EN

1 | FIFO_FULL_INT1_EN

= Ok O|Fk O|Fkr O|Fk Ok O|Fr O

0 | U_AGC_RDY_INT1_EN
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14.52 INT_SOURCE1

Name: INT_SOURCE1
Address: 102 (66h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7 -

Reserved

® |11 en

13C_PROTOCOL_ERROR_IN

0: 13C°M protocol error interrupt not routed to INT1
1: 13C°M protocol error interrupt routed to INT1

54 | -

Reserved

3 | SMD_INT1_EN

: SMD interrupt not routed to INT1
: SMD interrupt routed to INT1

2 | WOM_Z_INT1_EN

: Z-axis WOM interrupt not routed to INT1
: Z-axis WOM interrupt routed to INT1

1 | WOM_Y_INT1_EN

: Y-axis WOM interrupt not routed to INT1
: Y-axis WOM interrupt routed to INT1

0 | WOM_X_INT1_EN

: X-axis WOM interrupt not routed to INT1
: X-axis WOM interrupt routed to INT1

= O|Fr O|Fk O|F— O

14.53 INT_SOURCE3

Name: INT_SOURCE3
Address: 104 (68h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7 - Reserved
0: UI FSYNC interrupt not routed to INT2
6 UI_FSYNC_INT2_EN 1: Ul FSYNC interrupt routed to INT2
0: PLL ready interrupt not routed to INT2
> PLL_RDY_INT2_EN 1: PLL ready interrupt routed to INT2
4 RESET DONE INT2 EN 0: Reset done !nterrupt not routed to INT2
- - - 1: Reset done interrupt routed to INT2
0: Ul data ready interrupt not routed to INT2
3 ULDRDY_INT2_EN 1: Ul data ready interrupt routed to INT2
0: FIFO threshold interrupt not routed to INT2
2 FIFO_THS_INT2_EN 1: FIFO threshold interrupt routed to INT2
0: FIFO full interrupt not routed to INT2
1 FIFO_FULL_INT2_EN 1: FIFO full interrupt routed to INT2
0: Ul AGC ready interrupt not routed to INT2
0 UL_AGC_RDY_INT2_EN 1: Ul AGC ready interrupt routed to INT2
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14.54 INT_SOURCE4

Name: INT_SOURCE4
Address: 105 (69h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7 -

Reserved

13C_PROTOCOL_ERROR_IN

® | 12N

0: 13C°M protocol error interrupt not routed to INT2
1: 13C°M protocol error interrupt routed to INT2

54 | -

Reserved

0: SMD interrupt not routed to INT2
3 SMD_INT2_EN 1: SMD interrupt routed to INT2
0: Z-axis WOM interrupt not routed to INT2
2 WOM_Z_INT2_EN 1: Z-axis WOM interrupt routed to INT2
0: Y-axis WOM interrupt not routed to INT2
! WOM_Y_INT2_EN 1: Y-axis WOM interrupt routed to INT2
0: X-axis WOM interrupt not routed to INT2
0 WOM_X_INT2_EN 1: X-axis WOM interrupt routed to INT2
14.55 FIFO_LOST_PKTO
Name: FIFO_LOST_PKTO
Address: 108 (6Ch)
Serial IF: R
Reset value: 0x00
Clock Domain: SCLK_UI
BIT | NAME FUNCTION

7:0 | FIFO_LOST_PKT_CNT[7:0]

Low byte, number of packets lost in the FIFO

14.56 FIFO_LOST_PKT1

Name: FIFO_LOST_PKT1
Address: 109 (6Dh)
Serial IF: R

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | FIFO_LOST_PKT_CNT[15:8]

High byte, number of packets lost in the FIFO
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14.57 SELF_TEST_CONFIG

Name: SELF_TEST_CONFIG
Address: 112 (70h)
Serial IF: R/W
Reset value: 0x00
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
7 - Reserved
Set to 1 for accel self-test
6 ACCEL_ST_POWER Otherwise set to 0; Set to 0 after self-test is completed
5 EN_AZ_ST Enable Z-accel self-test
4 EN_AY_ST Enable Y-accel self-test
3 EN_AX_ST Enable X-accel self-test
2 EN_GZ_ST Enable Z-gyro self-test
1 EN_GY_ST Enable Y-gyro self-test
0 EN_GX_ST Enable X-gyro self-test

14.58 WHO_AM_|

Name: WHO_AM_|
Address: 117 (75h)
Serial IF: R

Reset value: Ox6F
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7:0 | WHOAMI Register to indicate to user which device is being accessed
Description:

This register is used to verify the identity of the device. The contents of WHOAMI is an 8-bit device ID. The default value of the
register is Ox6F. This is different from the I1°C address of the device as seen on the slave 12C controller by the applications processor.

14.59 REG_BANK_SEL

Note: This register is accessible from all register banks

Name: REG_BANK_SEL

Address: 118 (76h)

Serial IF: R/W

Reset value: 0x00

Clock Domain: ALL

BIT | NAME FUNCTION

73 | - Reserved

Register bank selection
000: Bank 0 (default)
001: Bank 1

010: Bank 2

2:0 | BANK_SEL 011:Bank 3

100: Bank 4

101: Reserved

110: Reserved

111: Reserved
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15 USER BANK 1 REGISTER MAP — DESCRIPTIONS

This section describes the function and contents of each register within USR Bank 1.

15.1 SENSOR_CONFIGO

Name: SENSOR_CONFIGO
Address: 03 (03h)

Serial IF: R/W

Reset value: 0xBO

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

76 | - Reserved

5 | z6_oisasie 112 guroscope i disabec
4 | Yo pisaste 11 guroscope i disabec
3 | x6_pisanie 1 gvroscope is disabled
> | 2aDisasLe 1+ acceerometer i disabec
1| vADisBLE U5 aceeerometer i disabec

X I [
0 | xapissLe 1o accelerometer i disabled

15.2 GYRO_CONFIG_STATIC2

Name: GYRO_CONFIG_STATIC2
Address: 11 (0Bh)

Serial IF: R/W

Reset value: OxAQ

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:2 | -

Reserved

1 | GYRO_AAF_DIS

0: Enable Anti-Aliasing/Low Pass Filter
1: Disable Anti-Aliasing/Low Pass Filter

0 | GYRO_NF_DIS

0: Enable Notch Filter
1: Disable Notch Filter

15.3 GYRO_CONFIG_STATIC3

Name: GYRO_CONFIG_STATIC3
Address: 12 (0Ch)

Serial IF: R/W

Reset value: 0x0OD

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

76 |-

Reserved

5:0 | GYRO_AAF_DELT

Controls bandwidth of the gyroscope anti-alias filter

See section 5.2 for details
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15.4 GYRO_CONFIG_STATIC4

Name: GYRO_CONFIG_STATIC4
Address: 13 (0Dh)

Serial IF: R/W

Reset value: OxAA

Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:0

GYRO_AAF_DELTSQR[7:0]

Controls bandwidth of the gyroscope anti-alias filter
See section 5.2 for details

15.5 GYRO_CONFIG_STATIC5

Name: GYRO_CONFIG_STATICS5
Address: 14 (OEh)

Serial IF: R/W

Reset value: 0x80

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

2.4 | GYRO AAF BITSHIET Controls.bandW|dth oftche gyroscope anti-alias filter
- - See section 5.2for details

3:0 | GYRO_AAF_DELTSQR[11:8] Controls bandwidth of the gyroscope anti-alias filter

See section 5.2 for details

15.6 GYRO_CONFIG_STATIC6

Name: GYRO_CONFIG_STATIC6
Address: 15 (OFh)

Serial IF: R/W

Reset value: OxXX (Factory trimmed on an individual device basis)
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:0

GYRO_X_NF_COSWZ[7:0]

Used for gyroscope X-axis notch filter frequency selection
See section 5.1 for details

15.7 GYRO_CONFIG_STATIC?7

Name: GYRO_CONFIG_STATIC7
Address: 16 (10h)

Serial IF: R/W

Reset value: OxXX (Factory trimmed on an individual device basis)
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:0

GYRO_Y_NF_COSWZ[7:0]

Used for gyroscope Y-axis notch filter frequency selection
See section 5.1 for details
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15.8 GYRO_CONFIG_STATIC8

Name: GYRO_CONFIG_STATICS8
Address: 17 (11h)

Serial IF: R/W

Reset value: OxXX (Factory trimmed on an individual device basis)
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:0

GYRO_Z_NF_COSWZ[7:0]

Used for gyroscope Z-axis notch filter frequency selection
See section 5.1 for details

15.9 GYRO_CONFIG_STATICO

Name: GYRO_CONFIG_STATIC9
Address: 18 (12h)

Serial IF: R/W

Reset value: OxXX (Factory trimmed on an individual device basis)
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
76 | - Reserved
5 GYRO_Z NF_COSWZ_SEL[0] Used for. gyroscope Z—ax.ls notch filter frequency selection
See section 5.1 for details
4 GYRO_Y_NF_COSWZ_SEL[0] Used for. gyroscope Y-a)fIS notch filter frequency selection
See section 5.1 for details
3 GYRO_X_NF_COSWZ_SEL[0] Used for. gyroscope X-a)fIS notch filter frequency selection
See section 5.1 for details
5 GYRO_Z_NF_COSWZ]8] Used for. gyroscope Z-ax.ls notch filter frequency selection
See section 5.1 for details
1 GYRO_Y_NF_COSWZ[8] Used for. gyroscope Y-a>f|s notch filter frequency selection
See section 5.1 for details
0 GYRO_X_NF_COSWZ[8] Used for gyroscope X-axis notch filter frequency selection

See section 5.1 for details

15.10 GYRO_CONFIG_STATIC10

Name: GYRO_CONFIG_STATIC10
Address: 19 (13h)

Serial IF: R/W

Reset value: 0x11

Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7 - Reserved
64 | GYRO NE BW SEL Selects t?andW|dth for gyroscope notch filter
- = See section 5.1 for details
31 | GYRO HPE BW IND Selects HPF 3dB cutoff f.requency bandwidth
- - See section 5.6 for details
Selects HPF filter order (see section 5.6 for details)
0 | GYRO_HPF_ORD_IND 0: 1%t order HPF

1: 2" order HPF
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15.11 XG_ST_DATA

Name: XG_ST_DATA
Address: 95 (5Fh)

Serial IF: R/W

Reset value: 0xXX (The value in this register indicates the self-test output generated during manufacturing tests)
Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | XG_ST_DATA X-gyro self-test data

15.12 YG_ST_DATA

Name: YG_ST_DATA
Address: 96 (60h)

Serial IF: R/W

Reset value: OxXX (The value in this register indicates the self-test output generated during manufacturing tests)
Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | YG_ST_DATA Y-gyro self-test data

15.13 ZG_ST_DATA

Name: ZG_ST_DATA
Address: 97 (61h)

Serial IF: R/W

Reset value: 0xXX (The value in this register indicates the self-test output generated during manufacturing tests)
Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:0 | ZG_ST_DATA Z-gyro self-test data

15.14 TMSTVALO

Name: TMSTVALO
Address: 98 (62h)
Serial IF: R

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
When TMST_STROBE is programmed, the current value of the internal

7:0 | TMST_VALUE[7:0] counter is latched to this register. Allows the full 20-bit precision of the time
stamp to be read back.

15.15 TMSTVAL1

Name: TMSTVAL1
Address: 99 (63h)
Serial IF: R

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
When TMST_STROBE is programmed, the current value of the internal

7:0 | TMST_VALUE[15:8] counter is latched to this register. Allows the full 20-bit precision of the time
stamp to be read back.
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15.16 TMSTVAL2

Name: TMSTVAL2
Address: 100 (64h)
Serial IF: R

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION

7:4 | - Reserved
When TMST_STROBE is programmed, the current value of the internal

3:0 | TMST_VALUE[19:16] counter is latched to this register. Allows the full 20-bit precision of the time
stamp to be read back.

15.17 INTF_CONFIG4

Name: INTF_CONFIG4
Address: 122 (7Ah)
Serial IF: R/W
Reset value: 0x03
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
7 - Reserved
0: Device is on a bus with I2C and 13C°M devices
1: Device is on a bus with 13C°™ devices only
5:2 | - Reserved
0: AP interface uses 3-wire SPI mode
1: AP interface uses 4-wire SPI mode (default)
0 - Reserved

6 | 13C_BUS_MODE

1 | SPI_AP_4WIRE
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15.18 INTF_CONFIG5

Name: INTF_CONFIG5
Address: 123 (7Bh)
Serial IF: R/W

Reset value: 0x20
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
7:3 | - Reserved
Selects among the following functionalities for pin 9
00: INT2
2:1 | PIN9_FUNCTION 01: FSYNC
10: CLKIN
11: Reserved
0 - Reserved
15.19 INTF_CONFIG6
Name: INTF_CONFIG6
Address: 124 (7Ch)
Serial IF: R/W
Reset value: Ox5F
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
0: 13C5MAsynchronous Mode 0 timing control is enabled
7| ASYNCTIMEQ_DIS 1: 13C*™ Asynchronous Mode 0 timing control is disabled
6:5 | - Reserved
0: 13C°M slave not enabled
4 | 13CEN 1: 13C°M slave enabled
0: 13C°M IBI payload function not enabled
3 | 13C_IBLBYTE_EN 1: 13C°M IBI payload function enabled
0: 13C°M |BI function not enabled
2 | 13C_IBI_EN 1: 13C°M IBI function enabled
0: 13C°™ DDR mode not enabled
! 3C_DDR_EN 1: 13C°™ DDR mode enabled
. SM
0 3C_SDR_EN (1) I3C°™ SDR mode not enabled

:13C*™ SDR mode enabled
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16 USER BANK 2 REGISTER MAP — DESCRIPTIONS

This section describes the function and contents of each register within USR Bank 2.

16.1 ACCEL_CONFIG_STATIC2

Name: ACCEL_CONFIG_STATIC2
Address: 03 (03h)

Serial IF: R/W

Reset value: 0x30

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7 -

Reserved

6:1 | ACCEL_AAF_DELT

Controls bandwidth of the accelerometer anti-alias filter
See section 5.2 for details

0 | ACCEL_AAF_DIS

0: Enable accelerometer anti-aliasing filter
1: Disable accelerometer anti-aliasing filter

16.2 ACCEL_CONFIG_STATIC3

Name: ACCEL_CONFIG_STATIC3
Address: 04 (04h)

Serial IF: R/W

Reset value: 0x40

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | ACCEL_AAF_DELTSQR[7:0]

Controls bandwidth of the accelerometer anti-alias filter
See section 5.2 for details

16.3 ACCEL_CONFIG_STATIC4

Name: ACCEL_CONFIG_STATIC4
Address: 05 (05h)

Serial IF: R/W

Reset value: 0x62

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:4 | ACCEL_AAF_BITSHIFT

Controls bandwidth of the accelerometer anti-alias filter
See section 5.2 for details

3:0 | ACCEL_AAF_DELTSQR[11:8]

Controls bandwidth of the accelerometer anti-alias filter
See section 5.2 for details

16.4 XA_ST_DATA

Name: XA_ST_DATA
Address: 59 (3Bh)
Serial IF: R/W

Clock Domain: SCLK_UI

Reset value: OxXX (The value in this register indicates the self-test output generated during manufacturing tests)

BIT | NAME

FUNCTION

7:0 | XA_ST_DATA

X-accel self-test data
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16.5 YA_ST_DATA

Name: YA_ST_DATA
Address: 60 (3Ch)
Serial IF: R/W

Reset value: 0xXX (The value in this register indicates the self-test output generated during manufacturing tests)

Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:0

YA_ST_DATA

Y-accel self-test data

16.6 ZA_ST_DATA

Name: ZA_ST_DATA
Address: 61 (3Dh)
Serial IF: R/W

Reset value: OxXX (The value in this register indicates the self-test output generated during manufacturing tests)

Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:0

ZA_ST_DATA

Z-accel self-test data
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17 USER BANK 3 REGISTER MAP — DESCRIPTIONS

This section describes the function and contents of each register within USR Bank 3.

17.1 PU_PD_CONFIG1

Name: PU_PD_CONFIG1
Address: 06 (06h)

Serial IF: R/W

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION
Pull-up control for pin 11
7 PIN11_PU_EN 0: Pull-up is disabled

1: Pull-up is enabled

Pull-up control for pin 7 if triple interface mode is used. Must be set to 0 if
single/dual interface mode is used.
0: Pull-up is disabled

1: Pull-up is enabled

5 - Reserved

Pull-down control for pin 9 in single/dual interface mode. Must be set to O if
triple interface mode is used.

0: Pull-down is disabled

1: Pull-down is enabled

Pull-up control for pin 10

3 PIN10_PU_EN 0: Pull-up is disabled

1: Pull-up is enabled

Pull-up control for pin 3

2 PIN3_PU_EN 0: Pull-up is disabled

1: Pull-up is enabled

Pull-up control for pin 2

1 PIN2_PU_EN 0: Pull-up is disabled

1: Pull-up is enabled

Pull-down control for pin 4

0 PIN4A_PD_EN 0: Pull-down is disabled

1: Pull-down is enabled

6 | PIN7_PU_EN

4 | PIN9_PD_EN

17.2 PU_PD_CONFIG2

Name: PU_PD_CONFIG2

Address: 14 (OEh)

Serial IF: R/W

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

Pull-up control for pin 1. See bit 6 description for pull-down control for pin
1. Note that both pull-up and pull-down must not be simultaneously

7 PIN1_PU_EN enabled for the same pin.

0: Pull-up is disabled

1: Pull-up is enabled

Pull-down control for pin 1. See bit 7 description for pull-up control for pin
1. Note that both pull-up and pull-down must not be simultaneously

6 PIN1_PD_EN enabled for the same pin.

0: Pull-down is disabled

1: Pull-down is enabled
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Pull-up control for pin 12. See bit 4 description for pull-down control for pin
12. Note that both pull-up and pull-down must not be simultaneously

5 PIN12_PU_EN enabled for the same pin.

0: Pull-up is disabled

1: Pull-up is enabled

Pull-down control for pin 12. See bit 5 description for pull-up control for pin
12. Note that both pull-up and pull-down must not be simultaneously

4 PIN12_PD_EN enabled for the same pin.

0: Pull-down is disabled

1: Pull-down is enabled

Pull-up control for pin 14. See bit 2 description for pull-down control for pin
14. Note that both pull-up and pull-down must not be simultaneously

3 PIN14_PU_EN enabled for the same pin.

0: Pull-up is disabled

1: Pull-up is enabled

Pull-down control for pin 14. See bit 3 description for pull-up control for pin
14. Note that both pull-up and pull-down must not be simultaneously

2 PIN14_PD_EN enabled for the same pin.

0: Pull-down is disabled

1: Pull-down is enabled

Pull-up control for pin 13. See bit 0 description for pull-down control for pin
13. Note that both pull-up and pull-down must not be simultaneously

1 PIN13_PU_EN enabled for the same pin.

0: Pull-up is disabled

1: Pull-up is enabled

Pull-down control for pin 13. See bit 1 description for pull-up control for pin
13. Note that both pull-up and pull-down must not be simultaneously

0 PIN13_PD_EN enabled for the same pin.

0: Pull-down is disabled

1: Pull-down is enabled
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18 USER BANK 4 REGISTER MAP — DESCRIPTIONS

This section describes the function and contents of each register within USR Bank 4.

18.1 FDR_CONFIG

Name: FDR_CONFIG
Address: 09 (09h)
Serial IF: R/W
Reset value: 0x00
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
7 - Reserved
FIFO packet rate decimation factor. Sets the number of discarded FIFO
packets. Valid range is 0 to 127. User must disable sensors when
initializing FDR_SEL value or making changes to it.

0000000: Decimation is disabled, all packets are sent to FIFO
0000001: 1 packet out of 2 is sent to FIFO
0000010: 1 packet out of 3 is sent to FIFO
0000011: 1 packet out of 4 is sent to FIFO

6:0 | FDR_SEL

1111111: 1 packet out of 128 is sent to FIFO

18.2 APEX_CONFIG1

Name: APEX_CONFIG1

Address: 64 (40h)

Serial IF: R/W

Reset value: OxA2

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

Pedometer Low Energy mode amplitude threshold selection
Use default value 1010b

When the DMP is in power save mode, it is awakened by the WOM and will
wait for a certain duration before going back to sleep. This bitfield
configures this duration.

0000: 0 seconds

0001: 4 seconds

0010: 8 seconds

0011: 12 seconds

0100: 16 seconds

0101: 20 seconds

0110: 24 seconds

0111: 28 seconds

1000: 32 seconds

1001: 36 seconds

1010: 40 seconds

1011: 44 seconds

1100: 48 seconds

1101: 52 seconds

1110: 56 seconds

1111: 60 seconds

7:4 | LOW_ENERGY_AMP_TH_SEL

DMP_POWER_SAVE_TIME_S

3:0 EL
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18.3 APEX_CONFIG2

Name: APEX_CONFIG2
Address: 65 (41h)
Serial IF: R/W

Reset value: 0x85
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:4 | PED_AMP_TH_SEL

Pedometer amplitude threshold selection
Use default value 1000b

3:0 | PED_STEP_CNT _TH_SEL

Pedometer step count detection window
Use default value 0101b

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

0 steps
1 step

2 steps
3 steps
4 steps
5 steps (default)
6 steps
7 steps
8 steps
9 steps
10 steps
11 steps
12 steps
13 steps
14 steps
15 steps
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18.4 APEX_CONFIG3

Name: APEX_CONFIG3
Address: 66 (42h)
Serial IF: R/W

Reset value: 0x51
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:5

PED_STEP_DET_TH_SEL

Pedometer step detection threshold selection
Use default value 010b

000:
001:
010:
011:
100:
101:
110:
111:

0 steps

1step

2 steps (default)
3 steps

4 steps

5 steps

6 steps

7 steps

4:2

PED_SB_TIMER_TH_SEL

Pedometer step buffer timer threshold selection
Use default value 100b

000:
001:
010:
011:
100:
101:
110:
111:

0 samples

1 sample

2 samples

3 samples

4 samples (default)
5 samples

6 samples

7 samples

1:0

PED_HI_EN_TH_SEL

Pedometer high energy threshold selection
Use default value 01b
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18.5 APEX_CONFIG4

Name: APEX_CONFIG4

Address: 67 (43h)

Serial IF: R/W

Reset value: OxA4

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

Configures duration of delay after tilt is detected before interrupt is
triggered

00: 0s

01: 2s

10: 4s (default)

11: 6s

This threshold is added to the LOWG peak threshold after the initial
threshold is met. The threshold values corresponding to parameter values
are shown below:

000: 31mgee

001: 63mgee

5:3 | LOWG_PEAK_TH_HYST_SEL | 010:94mgee

011: 125mgee

100: 156mgee (default)

101: 188mgee

110: 219mgee

111: 250mgee

This threshold is added to the HIGHG peak threshold after the initial
threshold is met. The threshold values corresponding to parameter values
are shown below:

000: 31mgee

001: 63mgee

2:0 | HIGHG_PEAK_TH_HYST_SEL | 010: 94mgee

011: 125mgee

100: 156mgee (default)

101: 188mgee

110: 219mgee

111: 250mgee

7:6 | TILT_WAIT_TIME_SEL
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18.6 APEX_CONFIG5

Name: APEX_CONFIG5
Address: 68 (44h)
Serial IF: R/W

Reset value: 0x8C
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:3

LOWG_PEAK_TH_SEL

This parameter defines the threshold for accelerometer values below
which the algorithm considers it has entered low-g state. The threshold
values corresponding to parameter values are shown below:
00000: 31mgee

00001: 63mgee

00010: 94mgee

00011: 125mgee

00100: 156mgee

00101: 188mgee

00110: 219mgee

00111: 250mgee

01000: 281 mgee

01001: 313mgee

01010: 344mgee

01011: 375mgee

01100: 406mgee

01101: 438mgee

01110: 469mgee

01111: 500mgee

10000: 531mgee

10001: 563mgee (default)
10010: 594mgee

10011: 625mgee

10100: 656mgee

10101: 688mgee

10110: 719mgee

10111: 750mgee

11000: 781mgee

11001: 813mgee

11010: 844mgee

11011: 875mgee

11100: 906mgee

11101: 938mgee

11110: 969mgee

11111: 1000mgee

2:0

LOWG_TIME_TH_SEL

This parameter defines the number of samples for which the device should
stay in low-g before triggering interrupt.

Number of samples = LOWG_TIME_TH_SEL +1

Default value is 4 (i.e. 5 samples)
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18.7 APEX_CONFIG6

Name: APEX_CONFIG6
Address: 69 (45h)
Serial IF: R/W

Reset value: 0x5C
Clock Domain: SCLK_UI

BIT

NAME

FUNCTION

7:3

HIGHG_PEAK_TH_SEL

This parameter defines the threshold for accelerometer values above
which the algorithm considers it has entered high-g state. The threshold
values corresponding to parameter values are shown below:
00000: 250mgee
00001: 500mgee
00010: 750mgee
00011: 1000mgee
00100: 1250mgee
00101: 1500mgee
00110: 1750mgee
00111: 2000mgee
01000: 2250mgee
01001: 2500mgee
01010: 2750mgee
01011: 3000mgee
01100: 3250mgee
01101: 3500mgee
01110: 3750mgee
01111: 4000mgee
10000: 4250mgee
10001: 4500mgee
10010: 4750mgee
10011: 5000mgee
10100: 5250mgee
10101: 5500mgee
10110: 5750mgee
10111: 6000mgee
11000: 6250mgee
11001: 6500mgee
11010: 6750mgee
11011: 7000mgee
11100: 7250mgee
11101: 7500mgee
11110: 7750mgee
11111: 8000mgee

2:0

HIGHG_TIME_TH_SEL

This parameter defines the number of samples for which the device should
stay in high-g before triggering interrupt.

Number of samples = HIGHG_TIME_TH_SEL + 1
Default value is 4 (i.e. 5 samples)
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18.8 APEX_CONFIG7

Name: APEX_CONFIG7
Address: 70 (46h)
Serial IF: R/W

Reset value: 0x45
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:2 | TAP_MIN_JERK_THR

Tap Detection minimum jerk threshold
Use default value 010001b

1:0 | TAP_MAX_PEAK_TOL

Tap Detection maximum peak tolerance
Use default value 01b

18.9 APEX_CONFIG8

Name: APEX_CONFIG8
Address: 71 (47h)
Serial IF: R/W

Reset value: 0x5B
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7 -

Reserved

6:5 | TAP_TMAX

Tap measurement window (number of samples)
Use default value 01b

4:3 | TAP_TAVG

Tap energy measurement window (number of samples)
Use default value 01b

2:0 | TAP_TMIN

Single tap window (number of samples)
Use default value 011b

18.10 APEX_CONFIG9

Name: APEX_CONFIG9
Address: 72 (48h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:1 | -

Reserved

0 SENSITIVITY_MODE

0: Low power mode at accelerometer ODR 25Hz; High performance mode
at accelerometer ODR = 50Hz

1: Low power and slow walk mode at accelerometer ODR 25Hz; Slow walk
mode at accelerometer ODR 2 50Hz
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18.11 APEX_CONFIG10

Name: APEX_CONFIG10

Address: 73 (49h)

Serial IF: R/W

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME FUNCTION

This parameter defines the minimum freefall length that the algorithm
should report. Freefalls smaller than this value are ignored. Freefall
lengths corresponding to parameter values are shown below:

000: 13cm (default)

001: 19cm

7:5 | FF_MIN_DURATION_CM 010: 28cm

011: 38cm

100: 50cm

101: 64cm

110: 78cm

111:95cm

This parameter defines the maximum freefall length that the algorithm
should report. Freefalls longer than this value are ignored. Freefall lengths
corresponding to parameter values are shown below:

000: 113cm (default)

001: 154cm

4:2 | FF_MAX_DURATION_CM 010: 201cm

011: 255cm

100: 314cm

101: 380cm

110: 452cm

111:531cm

This parameter defines the time during which low-g and high-g events are
not taken into account after a high-g event. It helps to avoid detecting
bounces as free fall. Debounce durations corresponding to parameter
values are shown below:

1:0 | FF_DEBOUNCE_DURATION

00: Os
01:1s
10: 2s
11:3s
18.12 ACCEL_WOM_X_THR
Name: ACCEL_WOM_X_THR
Address: 74 (4Ah)
Serial IF: R/W
Reset value: 0x00
Clock Domain: SCLK_UI
BIT | NAME FUNCTION
Threshold value for the Wake on Motion Interrupt for X-axis accelerometer
7:0 | WOM_X_TH WoM thresholds are expressed in fixed “mg” independent of the selected
Range [Og : 1g]; Resolution 1g/256="~3.9mg
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18.13 ACCEL_WOM_Y_THR

Name: ACCEL_WOM_Y_THR
Address: 75 (4Bh)

Serial IF: R/W

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | WOM_Y_TH

Threshold value for the Wake on Motion Interrupt for Y-axis accelerometer
WoM thresholds are expressed in fixed “mg” independent of the selected
Range [Og : 1g]; Resolution 1g/256="3.9mg

18.14 ACCEL_WOM_Z_THR

Name: ACCEL_WOM_Z_THR
Address: 76 (4Ch)

Serial IF: R/W

Reset value: 0x00

Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | WOM_Z_TH

Threshold value for the Wake on Motion Interrupt for Z-axis accelerometer
WoM thresholds are expressed in fixed “mg” independent of the selected
Range [Og : 1g]; Resolution 1g/256="3.9mg

18.15 INT_SOURCE6

Name: INT_SOURCE6
Address: 77 (4Dh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

76 |-

Reserved

5 | STEP_DET_INT1_EN

0: Step detect interrupt not routed to INT1
1: Step detect interrupt routed to INT1

4 | STEP_CNT_OFL_INT1_EN

0: Step count overflow interrupt not routed to INT1
1: Step count overflow interrupt routed to INT1

3 | TILT_DET_INT1_EN

0: Tilt detect interrupt not routed to INT1
1: Tile detect interrupt routed to INT1

2 -

Reserved

1 | FREEFALL_DET_INT1_EN

0: Freefall detect interrupt not routed to INT1
1: Freefall detect interrupt routed to INT1

0 | TAP_DET_INT1_EN

0: Tap detect interrupt not routed to INT1
1: Tap detect interrupt routed to INT1

IIM-42652
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18.16 INT_SOURCE?7

Name: INT_SOURCE7
Address: 78 (4Eh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

76 |-

Reserved

5 | STEP_DET_INT2_EN

0: Step detect interrupt not routed to INT2
1: Step detect interrupt routed to INT2

4 | STEP_CNT_OFL_INT2_EN

0: Step count overflow interrupt not routed to INT2
1: Step count overflow interrupt routed to INT2

3 | TILT_DET_INT2_EN

0: Tilt detect interrupt not routed to INT2
1: Tile detect interrupt routed to INT2

2 -

Reserved

1 | FREEFALL_DET_INT2_EN

0: Freefall detect interrupt not routed to INT2
1: Freefall detect interrupt routed to INT2

0 | TAP_DET_INT2_EN

0: Tap detect interrupt not routed to INT2
1: Tap detect interrupt routed to INT2

18.17 INT_SOURCES

Name: INT_SOURCES8
Address: 79 (4Fh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
76 |- Reserved
0: FSYNC interrupt not routed to IBI
> FSYNC_IBI_EN 1: FSYNC interrupt routed to IBI
0: PLL ready interrupt not routed to IBI
4 PLL_RDY_IB_EN 1: PLL ready interrupt routed to IBI
3 Ul DRDY IBI EN 0: Ul data ready !nterrupt not routed to IBI
- - - 1: Ul data ready interrupt routed to IBI
0: FIFO threshold interrupt not routed to IBI
2 FIFO_THS_IBI_EN 1: FIFO threshold interrupt routed to IBI
0: FIFO full interrupt not routed to IBI
! FIFO_FULL_IBI_EN 1: FIFO full interrupt routed to IBI
0: AGC ready interrupt not routed to IBI
Al RDY_IBI_EN
0 GC_RDY_IBI_ 1: AGC ready interrupt routed to I1BI
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18.18 INT_SOURCE9

Name: INT_SOURCE9
Address: 80 (50h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME FUNCTION
; I3C_PROTOCOL_ERROR_IBI | 0: 13C°M protocol error interrupt not routed to IBI
_EN 1: 13C°M protocol error interrupt routed to IBI
6:5 | - Reserved

4 | SMD_IBI_EN

: SMD interrupt not routed to IBI
: SMD interrupt routed to IBI

3 | woM_z_IBI_EN

: Z-axis WOM interrupt not routed to IBI
: Z-axis WOM interrupt routed to IBI

2 | WOM_Y_IBLEN

: Y-axis WOM interrupt not routed to IBI
: Y-axis WOM interrupt routed to IBI

1 | WOM_X_IBI_EN

: X-axis WOM interrupt not routed to IBI
: X-axis WOM interrupt routed to IBI

= Ol O|Fkr O|F— O

0 -

Reserved

18.19 INT_SOURCE10

Name: INT_SOURCE10
Address: 81 (51h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

76 |-

Reserved

5 | STEP_DET_IBI_EN

0: Step detect interrupt not routed to IBI
1: Step detect interrupt routed to IBI

4 | STEP_CNT_OFL_IBI_EN

0: Step count overflow interrupt not routed to IBI
1: Step count overflow interrupt routed to IBI

3 | TILT_DET_IBI_EN

0: Tilt detect interrupt not routed to IBI
1: Tile detect interrupt routed to IBI

2 -

Reserved

1 | FREEFALL_DET_IBI_EN

0: Freefall detect interrupt not routed to IBI
1: Freefall detect interrupt routed to IBI

0 | TAP_DET_IBI_EN

0: Tap detect interrupt not routed to IBI
1: Tap detect interrupt routed to IBI

18.20 OFFSET_USERO

Name: OFFSET_USERO
Address: 119 (77h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_X_OFFUSER[7:0]

Lower bits of X-gyro offset programmed by user. Max value is +64 dps,
resolution is 1/32 dps.

IIM-42652
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18.21 OFFSET_USER1

Name: OFFSET_USER1
Address: 120 (78h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:4 | GYRO_Y_OFFUSER[11:8]

Upper bits of Y-gyro offset programmed by user. Max value is +64 dps,
resolution is 1/32 dps.

3:0 | GYRO_X_OFFUSER[11:8]

Upper bits of X-gyro offset programmed by user. Max value is +64 dps,
resolution is 1/32 dps.

18.22 OFFSET_USER2

Name: OFFSET_USER2
Address: 121 (79h)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_Y_OFFUSER[7:0]

Lower bits of Y-gyro offset programmed by user. Max value is +64 dps,
resolution is 1/32 dps.

18.23 OFFSET_USER3

Name: OFFSET_USER3
Address: 122 (7Ah)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | GYRO_Z_OFFUSER([7:0]

Lower bits of Z-gyro offset programmed by user. Max value is +64 dps,
resolution is 1/32 dps.

18.24 OFFSET_USER4

Name: OFFSET_USER4
Address: 123 (7Bh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:4 | ACCEL_X_OFFUSER[11:8]

Upper bits of X-accel offset programmed by user. Max value is +1g,
resolution is 0.5mg.

3:0 | GYRO_Z_OFFUSER[11:8]

Upper bits of Z-gyro offset programmed by user. Max value is 64 dps,
resolution is 1/32 dps.
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18.25 OFFSET_USER5

Name: OFFSET_USER5
Address: 124 (7Ch)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | ACCEL_X_OFFUSER[7:0]

Lower bits of X-accel offset programmed by user. Max value is +1g,
resolution is 0.5mg.

18.26 OFFSET_USER6

Name: OFFSET_USER6
Address: 125 (7Dh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | ACCEL_Y_OFFUSER[7:0]

Lower bits of Y-accel offset programmed by user. Max value is £1g,
resolution is 0.5mg.

18.27 OFFSET_USER?7

Name: OFFSET_USER7
Address: 126 (7Eh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:4 | ACCEL_Z_OFFUSER[11:8]

Upper bits of Z-accel offset programmed by user. Max value is £1g,
resolution is 0.5mg.

3:0 | ACCEL_Y_OFFUSER[11:8]

Upper bits of Y-accel offset programmed by user. Max value is £1g,
resolution is 0.5mg.

18.28 OFFSET_USERS8

Name: OFFSET_USER8
Address: 127 (7Fh)
Serial IF: R/W

Reset value: 0x00
Clock Domain: SCLK_UI

BIT | NAME

FUNCTION

7:0 | ACCEL_Z_OFFUSER[7:0]

Lower bits of Z-accel offset programmed by user. Max value is +1g,
resolution is 0.5mg.

IIM-42652




@TDI( InvenSense 1IM-42652

19 REFERENCE

Please refer to “InvenSense MEMS Handling Application Note (AN-1VS-0002A-00)” for the following information:

e Manufacturing Recommendations
o Assembly Guidelines and Recommendations
PCB Design Guidelines and Recommendations
MEMS Handling Instructions
ESD Considerations
Reflow Specification
Storage Specifications
Package Marking Specification
Tape & Reel Specification
Reel & Pizza Box Label
Packaging
o Representative Shipping Carton Label
e Compliance
o  Environmental Compliance
o DRC Compliance
o Compliance Declaration Disclaimer

O O O O O O O O O
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Revision Date

Revision

Description

01/07/2021

1.0

Initial release
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