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World’s .Flrsf”V\/'ide—Range 6-Axis MEMS MotionTracking™ Device for Sports and
High Impact Applications

GENERAL DESCRIPTION

Many of today’s wearable and sports solutions, which analyze
the motion of a user’s golf or tennis swings, soccer ball kicks,
or basketball activities, require higher than currently available
+2000 dps (degrees per second) FSR for gyroscope and +16g
FSR for accelerometer to better insure that critical data is not
lost at the point of high impact or high speed rotation. The
ICM-20649 6-axis inertial sensor offers the smallest size,
lowest profile and lowest power in conjunction with industry
leading high FSR.

With an extended FSR range of +4000 dps for gyroscope and
+30g for accelerometer, the ICM-20649 enables precise
analysis of contact sports applications providing continuous
motion sensor data before, during and after impact providing
more accurate feedback

The ICM-20649 is the world’s first wide-range 6-axis
MotionTracking device for Sports and other High Impact
applications. It is available in a 3x3x0.9 mm 24-pin QFN
package.

ORDERING INFORMATION

PART TEMP RANGE PACKAGE
ICM-20649t -40°C to +85°C 24-Pin QFN
TDenotes RoHS and Green-Compliant Package
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APPLICATIONS

e Sports
e Wearable Sensors
e High Impact Applications

FEATURES

e  3-Axis gyroscope with programmable FSR of
+500 dps, +100 dps, +2000 dps, and +4000 dps

e  3-Axis accelerometer with programmable FSR of

+4q, +8¢g, +16¢, and +30g
e User-programmable interrupts

e Wake-on-motion interrupt for low power operation

of applications processor
e 512-byte FIFO buffer enables the applications
processor to read the data in bursts
e  On-Chip 16-bit ADCs and Programmable Filters
e DMP Enabled:
0 SMD, Step Count, Step Detect, Activity
Classifier, RV, GRV
O Calibration of accel/gyro/compass
e Host interface: 7 MHz SPI or 400 kHz 1°C
e Digital-output temperature sensor
e VDD operating range of 1.71V to 3.6V

e  MEMS structure hermetically sealed and bonded at

wafer level
e  ROHS and Green compliant
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ncs >
SCLK

SDI >——— é
g 3 | g N
o2 ‘
2| 3| ol 2| 3 o
CEEERE %T
[ L P PO B P P
MIKIEIEIEIE
Ne |1 18 Gﬂ_E
NC| 2 17 | NC
Ne| 3 16 |NC
ICM-20649
Ne |4 15 |NC
N B 14 |nc
Ne| 6 13 VDDT<1.8—3'3VDC
NNNNNN €2,014F

AUX_CL
VDDIO

<

SESYNC [T
INTL[

SDO / ADO

H REGOUT [ 7

1.8-3.3VDC
C1,01F

C3,0.1uF I

Sbo




InvenSens

ICM-20649

TABLE OF CONTENTS
GENERAL DESCRIPTION. ....utiitetieteeitesieest et ettt st sr et ettt et s e sb e r e e st enesae e smeesree st enneeaneemaesbeenneenneennesmnesanes 1
ORDERING INFORMATION .....cttttee ettt ettt e e e ettt e e e s e e bttt e e e e e e e aabebaeeeeeeeanssbbeeeeaesaansnnbeeeeeesannnraeaeas 1
APPLICATIONS ..ttt ettt ettt e e ettt e e e e e e aab e et e e e e e e s ua b b eeeeae e e e anbeeaeeaeeesaaasaeeeeeeeeseannseeeeeeesasanbseaeeeesasaanses 1
FEATURES ...ttt sttt ettt ettt et st st s bt e bt et at e s b e b e e b e e st e st s ot e sheesb e e n e e st ee e e ebe e s b e e s e e resanesmeesreenneenneenes 1
TYPICAL OPERATING CIRCUIT .t tee ettt ettt et e e e ettt e e e e e sttt e e e e e e s e abab et e e eeeseaannseeeeeeesesannsseaeaeesesaannes 1
1 INEFOTUCTION 1.ttt e s e e h et e sat e e bt e s bt e e bt e e sab e e b et e beeeab et e bee e be e e bt e sabeeeneesanes 10
S N oW1 0 o Yo 1 ==Y o I Yol ] o X< SR 10
1.2 PrOQUCT OVEIVIEW. . .eiiiiieiiieeiite ettt ettt ettt e s e sb e s ate e be e sat e e bt e e bt e e be e e btesbe e e bt e sabaeeneesares 10
2 FRATUIES ..ottt a e e st e e e b e et a e e e s bt e e e s a e e e s b et e s s ar e e s e s 11
2.1 GYrOSCOPE FEATUIES .. s 11
2.2 ACCEIEIOMETEr FEATUIES. ...eiiiiiiiieieeieetee ettt sttt s r e e nesanesaeesreenreene s 11
2.3 DIMIP FEATUIES....eeiiiieiie ettt ettt e s s b et e s s b e e e s ab e e e e s b e e e s sba e e e sanb e e e e sr e e e s aans 11
2.4 AAITIONAl FEATUIES ..c.veiiiiieiee ettt st sttt et b e r e r e e ne s e saeesreenne e ne s 11
3 EleCtrical CharaCt@riStiCS ....cuiiiiiiieieriese ettt st r et sbe e b e e reeneenesanes 12
3.1 GYroSCOPE SPECIHTICATIONS ....eiiiiiiiiee ettt e e e et e e e e e e e st aer e e e e e e e satbaaeeeeeeesansaaaeeeeesseansraeeaaanann 12
3.2 Accelerometer SPeCITICAtiONS. ....cciii i e e e e e e e e e e e aaraeaaaaeean 13
TR T = = Tot g Tor=1 I o= 1 ToF: | o o -SSR 14
3.3.1  D.C. Electrical CharaCteriStiCs....ccouiirieeiiieiieeriee ettt ettt ettt e st e sbe e st e sbeesabeesbeesareenas 14
3.3.2  A.C. EleCtrical CharaCteriStiCS ... c.uiiuieiiieeiee ittt ettt ettt esar et e e sareesne e saneenneees 15
3.3.3  Other Electrical SPECIfICAtiONS ...c..ueiiiiiiiiiiiiesiee ettt s e st sabeesbeesabeesbeesareesas 16
3.4 PPCTIMING CharaCteriZatioN ....cecveeeeereeeecreeteeeeeeeeteeteeteereeteeseereeeessesteereeseeseereessensessessesseeseereeneensessessenseens 17
3.5  SPITIMING CharaCterization .......ececieiiiiiiiiieee et e e e e e e e e e e e e e e e st bb e e e e e e e e e nsaaaeeeeessennnsraeeaaaaaan 18
3.6 Absolute MaximuUm RAtINES ...c..uiiiiiieeiiiie et e ecee st e et e e e st e e e sttt e e sataeessaaaeeessseeeeessseessnseeeesnsseananns 19
4 PN oY o] (1o 1 oY T oY o1 ' =14 o o TN 20
4.1  Pin Out Diagram and Signal DeSCIiPLioN ..........uuiiiiiiiiiiiiiiie ettt e e e et r e e e e e e e abbeaeeaeeeennnnes 20
N R NV oY (o= O o T=T o 11 Y= d O o U] | RSP SUURROE 21
4.3 Bill of Materials for EXternal CoOmMPONENTES .....ccccuuiiiiciieeiiieee et et eree e e stre e e ere e e s be e e e sereeeesseeeennnnes 21
A - o Yol DI F-V={ - o ST SUURROE 22
T O 1Y =T o= PO P PP PPOOP 22
4.6  Three-Axis MEMS Gyroscope with 16-bit ADCs and Signal Conditioning ........cccecevveevcieeeccieeeccree e 23
4.7  Three-Axis MEMS Accelerometer with 16-bit ADCs and Signal Conditioning..........cccccceeeeiiiiiiiieeeeennn, 23
L0 I D TT-41 - | W 1Y Fo ) d oY o I e fo Lol =YY o ] (PSP UUURROE 23
4.9  Primary I12C and SPI Serial Communications INTErAaCES ......ccvieveeeieceeeteeeeeeeeeeeee ettt steeneas 23
4.9.1  ICM-20649 SolUtioN USING 12C INTEITACE c..cviiveeeeeeeeeeeeeete ettt ettt et eeestesteeteeteeneereeneensessesreanes 23
4.9.2  ICM-20649 Solution Using SPI INTEI ACE ....cciiiiiiiiiiiiee ettt e s s saee e e sareee s 25
4.10 F L O Y= =TI 2 £=T =Tl O 26
411 Auxiliary 12C Bus MOdes Of OPEratioN:......ccveeeerereeieteeeeeteeeeresteereeteeteereeseessessessesseeseereessensessessesseene 26

4.12 Y= 2 =T T 26




InvenSens

ICM-20649

4.13 (01 Lo Tol 41 o V-SSR PP 26
4.14 SENSOr Data REGISTEIS ..ccii i, 27
4.15 L2 1O TSSO PP PRTRRPPUPRRN 27
4.16 [0} 1\ G PSP PP PPTPPPPPPNt 27
4.17 QY =T U] o) £ PP PPPPPPPPPPRE 27
4.18 Digital-Output TEMPEIratUIrE SENSON ...ccuviieeeiieeeeciteeectteeeestte e e e ste e e e steeeestreeeesstaeeesnsaeeessreeeennsseesnnnees 27
4.19 BiaS AN LDOS ...couveeiieeieiiie ettt ettt ettt ettt st st s a e bttt h et r e e et s s re e s bt e r e e n e eaneeneenneens 27
4.20 (0 o =Yg (=T U110« U UUU PP 27
4.21 POWET IMIOTES ...ttt ettt st st a bttt s b e s b r e e bt e e e san e sreesreenneenneenneennenneens 28
(o= { = Lo e 0 g b= o1 T [ =Y o U o £ 29
D] =41 =Y W (] =T = Yol <SS U U UUPRRRN 30
6.1 12C.aNd SPI SErIal INTEITACES ....cveviivevieiieteeisieteeee ettt sttt bbbt s bt se et te st ese s e bese s ebesens 30
S 2 L O [ =T -V TP 30
6.3 12C COMMUNICAtIONS PrOLOCO! ..viviievieiieteeiiietceeetetc sttt ettt a ettt b bt se bt ss b se s b te s b nens 31
B.4  ZC TEIMMS cuttetieieietiett ettt ettt ettt sttt et e te s bt e st et e se b et e se s et et e sbebese s e bete b et ese s ebete s b ese s et ete st ene st bete s ebenens 33
6.5 SPIINTEITACE ...ttt et sre e nre e r e 33
=TT (=T g1V - T o H PP P PP PPPPPPPPPPPPPPPRPPRE 35
7.1 USer Bank O REEIStEr IMIap: .ccccciiiiiiee ettt ettt e e e ettt e e e e e e e bbaa e e e e e e e e aatbeeeeaesenansbeseaaesennnsaaneas 35
A A VT T [ A 20T = £ Tl Y =T o RS 36
A T VT - T [ QA 20T =K Tl Y =T o SR 36
7.4 USer Bank 3 REEIStEr IMIap: ..ottt e e ettt e e e e e e e et ar e e e e e e e e e aatbeeeaaeeeanssbeseeessennnrannens 37
=Y AT (=Y gl B T=E ol o) o] 4 3 PPPPPPPPPRPRE 38
8.1  USR Bank O REZISTEI IMIAP ...uuiiiieiiieiciiieectiee e ettt e e e te e e ettt e e et e e e satteeesssteeeesssaeeeanssaeesnnseaeenssseesanssnessssseanan 38
811 WHOL_AM | oottt s et es et s s eeee e s en e e s en s nees e aeneeeaseeneseseenanes 38
8.1.2 USER _CTRL ettt ettt ettt ettt et e e e e ettt e e e e e e bt et e e e e e e e e abbe bt e e e e e s e sanbeeeeeeseaanbbeeeeeeeaannreeaeas 38
B.1.3  LP_CONFIG .ttt ettt ettt sttt ettt et et s e s b e b e bt e a e st s ae e s et e e bt e bt e r e et e e ee e s e e b e e r e e neeaneeanes 39
8.1.4  PWRL_IMGMT L.ttt sttt ettt et e b et e a e st st s et e sb e e et et e e st e ese e s b e e n e e reennesnnesanes 39
8.1.5  PWR _IMGMT 2.ttt s e s ee et e st es e s s s sneeeseeneseseeneeseneseaseeneseseeneees 40
B.1.6  INT_PIN_CFG ..iiiiiiieiieeieeeieest ettt st sttt ettt et s e s b e b e e bt st s et e s bt e sb e e et ean e eeeeemeesbe e ne e reennesnnesanes 40
8.1.7  INT_ENABLE ..ttt ettt ettt ettt r e e a e s s ae e s et e s bt e bt e ar e e et e s sa e b e e b e e reeneeneeanes 41
B.1.8  INT_ENABLE_L ..ottt ettt et et et ettt et et et et et et et et et et et et et et et et e e et et et et et st et st e e s e ae s e s e s aaeaaes 41
8.1.9  INT_ENABLE_2 ..ottt sttt ettt et sttt et et st s it s bt e s bt e n e et e e et e sbee s b e e n e e reennesanesanes 41
8.1.10 INT_ENABLE_3 ..ottt sttt ettt st st s r e bt ettt see e s b e b e e n e e ne s e saee s bt enreenneennesnnennnens 42
8.1.11 [2C_IMIST_STATUS .ottt et s s en st es s s s ee s sesees s sen s s eeneenan 42
8.1.12 IN T ST AT U S ettt ettt et e ettt et e e e s e ab et e e e e e e e e uab e et e eee e e e unbeteeeeeeeaaanbbeeeeeeaeaaunbseaeeaeeesanres 42
8.1.13 L2113 INT_STATUS_ L ..ottt ettt st sttt et s et e e s e smeesreesneeaneemnesnnenneens 43
8.1.14 INT_STATUS 2 .ottt n s n s en s s e s s esees e teseen e seseenaseeneenan 43
8.1.15 INT_STATUS_ 3 .ottt ettt en e s s en et es s s s en e seseen e ses s s eeneenan 43
8.1.16 DELAY_TIMEH <.ttt st st st e b et s b r e e n e sanesmeenreenneenneenneennenneens 43

8.1.17 [0 I I 1Y R 44




InvenSens

ICM-20649

8.1.18  ACCEL XOUT _H oeeeeeeeeeeeeeeseeeeseeeesee e s s ees s s es s es e es e s esees s ees s ses e sesesseeessees 44
8.1.18  ACCEL XOUT L ooooeeeeeeeeeeeeeeeseeeese e s s ese e s s e ses e es e es s s s ss e sen e 44
8.1.20  ACCEL_YOUT H cooooeoeeeeeeeeeeeeeeeseeeeeeee s s e eesse s ses s eess s s ensesssss s s sesensesnes 44
8.1.21  ACCEL_YOUT L oooeeeeeeeeeeeeeeseeeeeeee e s s eee s s s es s s s s see e ses e 45
8.1.22  ACCEL_ZOUT Huvoooeeeeoeeeeeeeeeeseeeeeeee e ees s eeee e e s s e see s es e es s s s ses e 45
8.1.23  ACCEL_ZOUT L coooeeoeeeeeeeeeeeseeesee e eese s eesssses s ses s sesss s s esss s sssses s essessssssessessesensesees 45
8.1.28  GYRO_XOUT H coooeeoeoeeeeeeeeeseeeseeeeeee s s es s seess s sess s ense s s s eesenseees 45
8.1.25  GYRO_KXOUT L uoooeeoeeeieeeeeeeeseeeeseeeeeesseeese e ees s ses s s s s sesee s es e es s s s ee e sen e 46
8.1.26  GYRO_YOUT H woooeoeeeeeeeeeeeeeesee e s e s s ss s ses s es s ses s sesssseesnees 46
=35 0 AN 17 To T o 1U 1 OO 46
8.1.28  GYRO_ZOUT H oot ee e s e es s sesesseesnees 46
8.1.20  GYRO_ZOUT L eooeeeeeeeeeeeeeeeeseeeeee e se s s eee s s s ee s es s es e s s e seeeses oo 47
8.1.30  TEMP_OUT_H oooeeoceeeeeeeeeeeseeeseeeeeess s eessesss s ss s esss s ensesssssseseeneesensesees 47
8.1.31  TEMP_OUT Lo eeee e eee e s e s eee s es e s s s s e se s 47
8.1.32  EXT_SLV_SENS_DATA_00 ....ceoveeeeeeeeeeeeeeseeseseeseseeseeeeseeeessesessessseesseeseseesessessseessseeeseesesessseesseeseseeeees 47
8.1.33  EXT_SLV_SENS_DATA_OL ....ceoeeeeeeeeeeeeesseeseseesssesessesessesssssssssesssssesessssssssssssssssssssssssssssssssssseesessesees 48
8.1.34  EXT_SLV_SENS_DATA_D2 .....oorveoieeeeeeeseessseseseesssesesessssesssssssssssssssssesssssssssssssssssssssssesssssssssssessessesnes 48
8.1.35  EXT_SLV_SENS_DATA_03 ....eooeeeieeeeeeeeeeeseeseseeseseeseeeeseeeessesesessseesseessseesessessseess s ees e seseseseesseeseseesees 48
8.1.36  EXT_SLV_SENS_DATA 04 .oooooooreeeeeeeeeeoeeeeeeeeeseseeeeee s sses s ssssssss s sssssesses s s s essssessssessssensnoes 48
8.1.37  EXT_SLV_SENS_DATA 05 w..oooveoreereeeeeesesseessesesssssseessesesessessssssssssssssssssssssssesssssssssesssssssssssssssssnees 49
8.1.38  EXT_SLV_SENS_DATA 06 w..ooovereeereeeeeeeeeeeeseeeesesesesseeesseeeeseessssssseessseess e eessssssessseees s ses s sesessseesnees 49
8.1.30  EXT_SLV_SENS_DATA_07 ..oeeeeeeeeeeeeeeeeeeeseeeseseeseseeseeeeseeeesseseseessseesseeseseesesessseess s ees e seseseseesseeses e 49
8.1.40  EXT_SLV_SENS_DATA_DB .....vverveereeeseesseeseseesssssesssessesssssssssssssssesessssssssssssssssssssssessssssssssseessssesees 49
8.1.41  EXT_SLV_SENS_DATA_09 ....coveeieeeeeeeeeesseeseseeseseeseeeeseeeessesessessseesseesesessessessseessseeeseeseseseseesseeseseesees 50
8.1.42  EXT_SLV_SENS_DATA_10 ...eeeieeieeeeeeeeseeeeseeseseeseseeseeeeseeees e sessessseesseeseseeseseessseess s ees e sese s ssee s 50
8.1.43  EXT_SLV_SENS_DATA_ 1L ..ooooieeieeeeeeoseesseeseseesssesesseessessssessesessssssesssssssesssssssss s ssssssssssessssseesensesnes 50
8.1.44  EXT_SLV_SENS_DATA_12 ...oooioeieeeeeeeseeisseeseseessseeseeessesesse e s s s sssssssssss s essesssss s sneesensesnes 50
8.1.45  EXT_SLV_SENS_DATA_ 13 ...oooioeiieeieeeseeeeeeeseseeseeeeseeeeseeees e sesee e es e sesseseseess s ees s s s ss e sen e 51
8.1.46  EXT_SLV_SENS_DATA 14 oooooooeeeeeeeeeeeeeeeeeesese e s s ssss s ss s ss s esse s s s essesessssesssneesnens 51
8.1.47  EXT_SLV_SENS_DATA 15 w.oooooeoreeeieeeeeeseseeeseesesssessesesessssssesssssssssssssssssssssessessssssssssssssssssssssssssesnees 51
8.1.48  EXT_SLV_SENS_DATA 16 ooueeeeeerieeeeeeeeeeeeseeeeseesesesseeesseaeeseeses s seseessseess e sessseseessseees s ses s sesessseessees 51
8.1.49  EXT_SLV_SENS_DATA_17 w.ooeoieeieeeeeeeseeisseeseseessseseseeessesesse s esesssssssesssssssss s sssssssss s sseesensenes 52
8.1.50  EXT_SLV_SENS_DATA_18 ....ooioeiveeieeeseesseeseseessseeseesssessssessssssssesesssssssssssssssss s sssesssssssssaseesessesnes 52
8.1.51  EXT_SLV_SENS_DATA_ 19 ....eeieeieeeieeeeseeeseeseseeseeeeseeeeseeses e sesesseeesseeseseeseseeseseees s ees e seseseseesseesen e 52
8.1.52  EXT_SLV_SENS_DATA_20 ....oeeeeeeieeeeeeeeseeeseeseseeseseeseeeeseeeessesessessseesseeseseeseseessseessseeeseeseseseseessseseseesees 52
8.1.53  EXT_SLV_SENS_DATA_21L ...oereeeoieeeseeeeseesseeseseesssesesseesssesessssessssssssesesssssssssssssssssssssssessssssssssseessssesnes 53
8.1.54  EXT_SLV_SENS_DATA 22 ...eoieeieeeeeeeseeeeeeeseseeseeeeseeee s ses e sesee s es e sesee s ees e s seseess e sen e 53
8.1.55  EXT_SLV_SENS_DATA_ 23 ....ooieeieeeeeeeeeeeseeeseseeseseeseeeeseeses s sesee s s s es e sessessseess s ees e ses e seseessseses e 53
8.1.56  FIFO_EN_T cooooeeoieeeeeeeeeeeseeseeeseeseseseeese s ae s ss s ses s s sessssss s esssses s ssssesssessesessesesesnsssnees 54

8.1.57  FIFO_EN_2 oo eeeeeeseeeeeeee s eee e s e s es e ses s sesees s e s e e s ses e seseeeeseeesseseseseseeseseeeseeses e seseeesseeeenes 54




InvenSens

ICM-20649

8.1.58 [ 1O Y I PO PP UPROPPTPUPPPPN 55
8.1.59 FIFO _IMIODE ...ttt ettt e e e s e e b bttt e e e e e auabb et e eeeseauabbeeeeeeeesanbsbaeeaeeesanres 55
8.1.60 FIFO_COUNTH. ..ottt ettt et et st s ae e bt ettt sb e s b e r e e n e e nesmnesreenree s e e st ennesnnenneens 55
8.1.61 FIFO _COUNTL etttttee e ettt ettt sttt e e e s e aab et e e e e s e uae e et e e e e e e unbeeeeeeeeaaanbeeeeeeeeeaaansneaeeaeeesanres 55
8.1.62 FIFO_ R W ¢ttt ettt en e s s en e st es s es e et sees s eneseeneenan 56
8.1.63 DATA_RDY_STATUS .ottt ettt ettt ettt ettt st sr e r et sa e s b r e n e e nesmnesreesreenneeaneemnesnnenneens 56
8.1.64 FIFO_CFG .ottt sttt st bt e s bt e bttt at e s b e s b e e r e et e e et sanesaeesree b e enneennesnnennnens 56
8.1.65 REG_BANK _SEL ..ttt ettt ettt e e e e s ettt e e e e s ettt e e e e e seaanbaeeeeeesesaanbebeeeeeeesanres 56

A U Y S - 7= o] A 2 =T 41 =T o 1V - Y PSR 57
8.2.1  SELF_TEST_X_GYRO ..otiiiiiitiiieeieeee ettt ettt ettt ettt et e st she e bt e sa e e et e et e st e eseesbe e n e e reennesanesnnes 57
8.2.2  SELF_TEST_Y _GYRO ..ottt ettt es et s s s e s s s en s seenesesees s aeneseaseenessseenanes 57
8.2.3  SELF _TEST_Z GYRO .. eeieeeeeeeeeeeeeeeeeeeeeees s s st s et es s es et s e s s s eneeeeneeneseesees s seseseaseenesessenases 57
8.2.4  SELF_TEST_X_ACCEL .eeutetietieieeieeee sttt sttt st st sr e n e et e s e b e n e e reenesanesanes 57
8.2.5  SELF _TEST Y ACCEL....eeieieeeeeeeeeeeeeeeeeeeees s s e s s ees et es et es st se s s s eneseseeseseeseesesaeseseas s sessenases 58
8.2.6  SELF _TEST Z ACCEL. ..ottt s et es et s s es s ee s seen s seen e aes e s eenesessenases 58
B.2.7 XA LOFFS ottt st et e Rt bt e Rt et a et n e b e e r e r e e nesnesanes 58
B.2.8 XA OFFS _L ottt et a e s s he e Rt Rt Rttt e e et e n e e r e e r e r e e nesanesanes 58
8.2.9  YA_OFFS_Huueoeeeeeeeeeeeeeeeeee ettt ee et s st e e e e s en e e en s s en e aen e en s eenanes 58
8.2.10 YA OFFS L ettt ettt st st s h e Rt et a e R e bRt r e e ne s nesae e sreenreeneenes 59
8.2.11 ZA_OFFS_H ettt e et et R bt n e s ne s sreenreer e 59
8.2.12 ZA OFFS_L oottt ettt n ettt s en e en s eenees 59
8.2.13 TIMEBASE_CORRECTION _PLL ...ttt ettt ettt ettt e e e ettt e e e e s et e e e e e s e s anbeeeeeeeeesaannes 59
8.2.14 REG_BANK _SEL ...ttt ettt ettt st st st s bt ettt et ss e s e r e e n e s nesmeesmeenreen e e et enneennenneens 60

T T U 2 Y QA U = 1 T a1V - o PSR 61
8.3.1  GYRO _SIMPLRT _DIV .. ettt ettt ettt e e e e e ettt e e e e e s e bbe e e e e e e e s e sabbeeaeeesaannbaeeeeeesaannreeeeas 61
8.3.2  GYRO_CONFIG_T..ueiiiiiiieieeieeieeie ettt sttt ettt et st e b e s n e s sie e saeenn e e n e et e e st e eseesbe e b e e reennesmnesanes 61
8.3.3  GYRO_CONFIG_2...eiutieieeiieieeteeie ettt sttt ettt s s et r et sa e s sae e sbe e s bt e et et e e et e smee s b e e ne e reennesmnesanes 62
8.3.8  XG_OFFS_USRH....eeueieeeeeeeeeeeeseeeeee s eeeeesees s s s s st es et es e s et se s s s eneeeseeneseeseesasseseseaseenesessenases 63
B.3.5  XG_OFFS_USRL...t ittt ettt st sttt ettt et st e s et s s sbeesn e e et et e e ee e e se e b e e r e e reenesanesanes 64
B.3.6  YG_OFFS_USRH ..ttt ettt s st et e bt e n e et e e s e b e e r e e r e e nesane e 64
8.3.7  YG_OFFS_USRL....ereeeeeeeeeeeeeeeeeeee et et s et es et es s et s e s s s eneeeseeneseesees s aeseseaseenesessenanes 64
8.3.8  ZG_OFFS_USRH ..ttt s e s h e h et et n e b n e r e e nesanesaees 64
8.3.9  ZG_OFFS_USRL .ttt sttt ettt s e s h e r et et s e s e b r e r e e nesane e 64
8.3.10 ODR_ALIGN_EN ettt ettt ettt ettt e e e et ettt e e e e e b bee e e e e e e e an bbbt eeeeeesaanbbbaeeeeeesaannnnaeeaaeesan 65
8.3.11 ACCEL_SIMPLRT_DIV_1 oottt s ettt es e s e s ee e es s ssesee s ss s senesses s 65
8.3.12 ACCEL_SIMPLRT_DIV_2 ..ottt ettt ettt st st st e sr et s esn e b e e nesmnesanesreenneenneenes 65
8.3.13 ACCEL _INTEL_CTRL -t tttttee ettt ettt ettt e ettt e e e e ettt e e e e e s abab et eeeeesanbaneeeeeeeseaannraeeeaeesaannrneeeas 65
8.3.14  ACCEL WOM_THR ..ooeieieeieeeeeeeeeeeeeetee e s et s s ees e s es e sas e s s s sees e s s s sneesseeneseeseesesaesessas s ssssenanes 66
8.3.15 ACCEL_CONFIG ..ottt sttt ettt sttt e r e s st sreesa e b et see e e s e e s b e e b e e b e enesanesaeesreenneenneenns 66

8.3.16 ACCEL_CONFIG_2 ..ottt srae e aee s 67




InvenSens

10

8.3.17 FSYNC_CONFIG ...ttt ettt ettt ettt b ettt st s he e s he et e e b e eateeaeesbe e bt e beeabesabesaeesbeenbeentesatesasenaeans 69
8.3.18 TEIMP_CONFIG ...ttt ettt ettt et e e ettt e e e e e e bbbt e e e e e e e e ba b et e e eeeseanunbaeeeaeeseaaanbaeaeeeeeasannes 69
8.3.19 MMOD_CTRL_USR ..ttt sttt et st st st e r ettt s s e bt e r e e e e smnesmeesree b e enneemnesnnennnens 70
8.3.20 REG_BANK _SEL ..ttt ettt ettt e e e e s ettt e e e e s ettt e e e e e seaanbaeeeeeesesaanbebeeeeeeesanres 70

I U s Y A U= = E T a1V - o BRSSP 71
8.4.1  12C_MST_ODR_CONFIG ...oeeiiiieeieeieete sttt ettt sttt et s et e sr e r e e n e et seaesbe e b e e reenesmnesanes 71
B.4.2  12C_IMIST_CTRL ettt ettt sttt ettt e se e s b e s b e b e s e e n e st sheesbeesb e e et et e estesseesbe e neenreennesanesanes 71
8.4.3  12C_IMST_DELAY_CTRL ..ueeiieeeeeeeeeeeeeeee e se et s st nesees s e es s s een s s sneseesesessesasessenesessensssesnessaes 71
B.4.0  12C_SLVO_ADDR ...ttt ettt sttt ettt et s h e r e Rt e r et ea e r e e bt e r e e neeneeanes 72
845 J2C_SLVO_REG ..ottt ettt sttt ettt ettt b e bt e e n e st she e s he e bt e et et e e s e b e e r e r e e neeanesanes 72
8A4.6 120 _SLVO_CTRLuuueieiiieeeeeeeeeeeee e eese et e s s es s e s en s e s st es s seesenessenasestesesesseneesenanessans 72
3 N A b Y oY Y/ o N 0 6 JON OO 73
B.4.8  12C_SLVI_ADDR ...ttt ettt sttt ettt et s e s he e h e r e r e e et ee e e e b e b e neeneeanes 73
8.4.9 12 _SLVI_REG coueeieeeeeeeeeeeeeeeeeeee ettt en e n et n e n e an et en et n et en st 73
8.4.10 A O Y R O I S PP PP PPTPPPPPPPRt 74
8.4.11 SLVI_DO ..ttt ettt sttt ettt ettt et s s h e Rt e Rt e E et e R e bRt e R e e R s nesae e sreenreeneenes 74
8.4.12 [2C_SLV2 _ADDR ..ottt sttt ettt sttt et et st st s bt e bttt a e b r e r e e et s e s re e bt e reen e eaneeneenneens 75
8.4.13 12C_ SLV2_REG.....eeieeeeeeeeeeeeeeeeee ettt et st s e e es s e et s s st en e esn e es s sen s e seneeeas 75
8.4.14 J2C_SLV2 _CTRL 1ottt ettt ettt sttt ettt st st s bt e r ettt s b e s b e bt e n e e s e smnesaeesreenneenneenneennenneens 75
8.4.15 J2C_SLV2 DO .ttt sttt sttt ettt st st s bbb e h e Rt e n e e n e s ae e s reenr e e r e e n e aneeneenneens 76
8.4.16 12C_SLV3_ADDR ...ttt sttt n ettt n ettt en et enaeeas 76
8.4.17 12C_ SLV3_REG . ....eeeeieeeeeee et tee e st et st et s et es s e e e et s s st en e etn e aes s e senneesenaeeas 76
8.4.18 J2C_SLV3_CTRL 1ttt sttt ettt ettt ettt st s et e bt ettt s e e s b e bt e n e e s e smnesreesree b e enneenneennenneens 77
8.4.19 [ o Vi< 1 OO 77
8.4.20 J2C_SLVA _ADDR ...ttt ettt e e e ettt e e e e e e bttt e e e e e e e abbeeeeeeee e abatteeeeeeaanbreaeeeeeeeanree 78
8.4.21 J2C_SLVA _REG....cttiiteie ettt ettt ettt et et st st s et ettt e st e s b e s b e e n e e r e e anesaeesreenne e bt enneennesnnennnens 78
8.4.22 J2C_SLVA _CTRL .ttt ettt ettt ettt ettt st st bt e bt ettt se e s b e n e e n e e et smnesreenree s e enneenneennenneens 78
8.4.23 [ X Y2 Yo OO 78
8.4.24 [ L O R 2 o | TSP P U SPRPRRPRUPRORN 79
8.4.25 REG_BANK _SEL ...ttt ettt ettt ettt st sre e bt ettt sa e s e s n e n e e nesmnesreesreenneemneemnesnnenneens 79

USE NOTES ...ttt et e e e e s e et e e s b bt e e e b e e s a e e b et e e e a e s ba e e e s et e s e nr e e e snna s 80

LS5 R €1V o T ofo) o TS 1V, FoTo T - 0 1Y 4 o o SRR 80

9.2  Power Management 1 Register SEttiNg ..., 80

0.3 DIMIP IMIEBIMOIY ACCESS iiiiiiiiieiiiee et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaeas 80

L N1 U= o T T o o <Tot o o [T P PP PPPRTR 80

9.5 12C MaSEr ClOCK FIEQUENCY ...ocveeveeeveeeeeeeteceeeteeee ettt eteete e e e e e eeesessesteeteeseessessensessesseeseesesnsensensestesrens 81

1S IS @ [ Yo (] o = U UURT 81

9.7  LP_EN Bit-FIEld USAEE «..uvreieieiieeiiiiiee ettt ettt e e e e e ettt e e e e e e e etatb e e e e e e e e e aasaeeeaaeseeansbeseaeesennnnsannens 82

9.8  Register Access USING SPI INTEITACE......cccciiii it e et e et e e et e e e s aeae e s e naeeesnneeean 82

O IENTATION OFf AXES uutttriiiieiieeitteeee et e e e eeset e e e e e e et bbareeeeeeesabbraeeeeeesaasssaseaeeeeeaassssereeessansrareseeessensastreneas 83

ICM-20649



InvenSense

ersing Eerythig ICM-20649

11
12
13
14

PaCKAZE DIMENSIONS .. ..eiiiiiiiiiee ittt e e e ettt et e e e e ee ettt eeeeeeeessatteseaeeeeasassaaseaaeseaasssaaseaassessnsssseaasseanassaansaaeseannnses 84
Part NUMDBDEr Part IMarKiNGS ......cccuuiiiiiiei ettt e e e e ettt e e e e e e e et b e e e e e e eeesanbaaseeaeseaaansaaseaaaseasstbaneaaaseannnses 86
(207 FT =T o Lol T TSP POU P OP PP 87

Y [T T 1) o] V2 PPPPPPPPPPPRE 88




ICM-20649

LIST OF FIGURES

FIgUre 1. I2C BUS TIMING DIAEIAIM c.euveuveeeeteeeeeteeteeeeeeeeteeteeteeteeteeseeseeseesesteeteeseeseesseseenseseaseatesseeteeneensenseasensesteesseneensensensensesteeteereerseneensenes 17
E T (O A W S T T MY g1 g Tl DI Ted - [ o PO TSP TP 18
Figure 3. Pin out Diagram for ICM-20649 3.0X3.0X0.9 MM QFN.......ociiiiiiiiiiiiiiiee ettt e e e e e ererrr e e e e e e s eetaareeeeeeesaasereseaessesssssesesaesenssnrees 20
Figure 4. ICM-20649 Application Schematic (a) I2C operation (b) SPI OPEratioN .........ccecivviiviieiiieieteeeee ettt st 21
Figure 5. ICM-20649 BlOCK DI@gIam.......uueeiiiiiiiiiiiieee e e e eeciitee e e e e e eectteeeeeeeeestbaaeeaeeeasaabaaaeeaaeeaaassssssaaaeesaassasaaaasasaaassssasesasseanssssesesaesannsrens 22
Figure 6. ICM-20649 SOIULION USING 120 INTEITACE .....veveeveceectecteeteeeeeeeee et ete et et e vt et e e s e eteeteeteeteeseeneesessestesteeseeseensensensestestestesreereeneensenes 24
Figure 7. ICM-20649 SolUtion USING SPI INTEITACE .....ueiiiiiie sttt e e e et e e e et e e e sttt e e esatseeesnseeeeensseeeesnsaeesanseseesnsseenanes 25
Figure 8. START @Nd STOP CONItIONS ....iiiiiiieiiiiieeiciiee sttt e este e e ete e e sttt e e esataeeesseaeeesssseeeaassaeesasssaeeassseseassssesansseeeansseesanssseesnsseseessseenanes 31
Figure 9. ACKNOWIEAEZE ON ThE [0 BUS ...veveeeeeeeeeeeeeeeeeeete et et et et eeeeee e steeteeteeseeseeneeasessessestessesseeseensensesessesteeseeneenseneensensestesteereereeneensenes 31
Figure 10. COMPIELE 12C Data TraNSTOI .. .ccuiiuiieiieeeeieeeeeeteete st ettt eat et et e st e st s ebesaeer s e st et e testesbesasereeatessest et eteseseseensensentensestesessbeseeerseneeneenes 32
Figure 11. Typical SPI Master / SIave CONTIGUIATION ....c..iccveeeriiieieeetee et ettt e et e et e eeteeete e eteeeabeeebeeeateesabeeesseesaseesaseesaseesaseesaseessreesaneennres 34
Figure 12. Orientation of Axes of Sensitivity and Polarity of ROTation ...........uuiiiiiiiiiee e e e e e aneees 83
FIZUIE 13, PACKAZE DiMENSIONS. .. .uiiiiciiieiiiieeeeteeeectee e ettt e estt e e e s tteeesatteeeeastseeaassaeeaasssaeeassaeesassseeesssseseanssseesanseseeansseesassesesasseseesnssnenane 84

Figure 14. Part NUMDEr PACKage MarKiNgS .. ..o cuii e i iiiiee et s et et e e ettt e e et e e st e e e esstaeesaasaeeeessteeeasstseessnseeeesssseesanseeesanseseesnsseenanses 86




ICM-20649

LIST OF TABLES

I o] (N B Y o Y oloY oIy oY Tol 1 r= Y o L3RR 12
Table 2. ACCeleromEter SPECITICATIONS . .ciii ittt ettt e e e e e e ettt e e e e e e eeeataeeeeaeseasabaaaeaaeseaassasseaseessaassssseseaesseansnsnes 13
Table 3. D.C. EleCtriCal CharaCt@riStiCSs .uuiu i uiiiiiiiie ittt ettt ettt e e sttt e e s s bt e e s sabteeesbteeesaabaeeseastaeesnbeeesaabaeeeassaeesassaeessnbeeesnnes 14
Table 4. A.C. EleCtriCal CharaCteriStiCs .uuiuuiiiieiieeiiieee et ettt e ettt e s ettt e e sttt eeesabeeessabteeesbbeeeeasbaeesaassaeesnseeesasbaeeesssaeesansaeesnnbenesannes 16
Table 5. Other EleCtrical SPCH ICAtIONS. ....iii ittt e e ettt e e e e e e ettt e e e e e e e eeatbeeeeaeseassbaaaeaaaseaassaaseeseeeseassssseseaesseansnrees 16
L o LN O T 41T T= A O =Tt = 1 1ok 17
Table 7. SPI TiMiNg CharacteriStiCS (7 IMHZ) ......uuii ettt e et e e st e e e et e e e e aete e e s ateeeeassaeeeanseaeessseeeeassseeeassaeesassaeeenssseesannen 18
Table 8. AbSOIUtE IMAXIMUM RAEINES ...eeeeiiiiiiiiiiie et et e et e et e e e s tte e e st e e e st teeeeastaeeeasssaeeasseeeaassaeeeassaeessseeeeassseeeassasesansanessnsseesannen 19
B0 1L =g T 1Yol oY o USSR 20
Table 10. Bill OF MAtEIIAIS «...vveiiiieee ettt ettt e e e sttt e s sttt e e sttt e e e e abaeessaseeeesaabeeeeaabaeesaaseaeessbaeesasbaeeesssaeesnnsaeessnseeesnnen 21
Table 11. POWEr MOdESs fOr ICIM-20649 .......oooiiiiiiiiieeeeeiie ettt e e e st e e s sttt e e sttt e e s s abaeesaasbeeessbeeesaabaeesassaeesssaeesasbaeesassaessassaeessnbeeesannes 28
Table 12. Table Of INTEITUPE SOUICES....uuiiiiii ittt ettt e e e et e e e e e e ettt e e e e e e eeaaasteseeaeeeasasaeseaaeseaastaaseaaasessssasseessesaaassssseseaessennsnrens 29
B I YT Tl [ =T o - Lol IO TSP UPSTPRPPOP 30
TADIE 14, IZC TEIIMS ...veueetiteeieteetetete et et te st et e te st et ete st e st etesbeseetesbessebesbeseetesbeseetesbess et e sbestebesbessebesbeseebesbese et e sbeseebe b essebesbeseebebensabesbeneatenseneans 33
I o (R0 B T o =0 = o [ o 1SRRI 62
Table 16. Gyroscope Filter Bandwidths (LOW-POWEI IMOTE) .....cccuiiiiiiiiiiieiie et ee st e e et e e e e tte e e e ate e e ssnaeeeesstaeeesnteeesansaeeesnseeesannes 63
Table 17. AcCelerometer CONTIGUIATION ... ettt e e e e e ettt e e e e e e e eeatbeeeeeeseasabaaaeaaaseaassaaaeaseeesaassasaeseaasseansnsens 67
Table 18. Accelerometer CONTIGUIATION 2 ... ... ittt e e e e e et e e e e e e e ee st teeeeeeeeasabaaaeaaaeeaaasbaaaeeseaseeansssseseaasseansnrens 68
Table 19. 12C MAStEr ClOCK FIEOQUENCY ...cviivievieeeeeieeeeteete sttt eee et et estesteetesateseestessesse st esaesesebeeseessensessestestsebesesabeentessestestesbesesetseneensenseneas 81
Table 20. PaCKaZE DIMENSIONS ... iiieiiiee e ettt e e eee e e e e e e eee i aeeeeeeeeeeeuasaeeaeaeeaaassaaseaaasaaasasaeseeaesaaassaaseaaasesaassaeseeseessaassssseseaesseansnrens 85

Table 21. Part NUMDBEr PACKage MarkingS ......ccueieiiiiiieeiiiseeiee s tee e ettt e s ettt e e sttt e e e st e e e e easaeaesnteeeasssaeeeesssaeessseeeaassseeeasseeesnsseeessnsseenannen 86




InvenSens

ICM-20649

1 INTRODUCTION
1.1 PURPOSE AND SCOPE

This document is a preliminary product specification, providing a description, specifications, and design related information on the
ICM-20649 MotionTracking device.

Final specifications are available via our sales contacts. For references to register map and descriptions of individual registers, please
refer to the ICM-20649 Register Map and Register Descriptions sections.

1.2 PRODUCT OVERVIEW

The ICM-20649 is a MotionTracking device that combines a 3-axis gyroscope, 3-axis accelerometer, and a Digital Motion Processor™
(DMP) all in a small 3.0x3.0x0.9mm QFN package. The device supports the following features:

e Android Lollipop support

e  FIFO of size 512 bytes (FIFO size will vary depending on DMP feature-set)
e Runtime Calibration

e Enhanced FSYNC functionality to improve timing for applications like EIS

ICM-20649 devices, with their 6-axis integration, on-chip DMP, and run-time calibration firmware, enable manufacturers to
eliminate the costly and complex selection, qualification, and system level integration of discrete devices, guaranteeing optimal
motion performance for consumers.

The gyroscope has a programmable full-scale range up to +4000 dps. The accelerometer has a user-programmable accelerometer
full-scale range up to +30g. Factory-calibrated initial sensitivity of both sensors reduces production-line calibration requirements.

Other key features include on-chip 16-bit ADCs, programmable digital filters, an embedded temperature sensor, and programmable
interrupts. The device features I2C and SPI serial interfaces, a VDD operating range of 1.71V to 3.6V, and a separate digital 10 supply,
VDDIO from 1.71V to 3.6V.

Communication with all registers of the device is performed using I°C at up to 100 kHz (standard-mode) or up to 400 kHz (fast-
mode), or SPI at up to 7 MHz.

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
3.0x3.0x0.9 mm (24-pin QFN), to provide a very small yet high-performance, low-cost package. The device provides high robustness
by supporting 10,000g shock reliability.
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2 FEATURES
2.1 GYROSCOPE FEATURES

The triple-axis MEMS gyroscope in the ICM-20649 includes the following features:

Digital-output X-, Y-, and Z-axis angular rate sensors (gyroscopes) with a user-programmable full-scale range of +500 dps,
+1000 dps, £2000 dps, and 4000 dps and integrated 16-bit ADCs

Digitally-programmable low-pass filter

Factory calibrated sensitivity scale factor

Self-test

2.2 ACCELEROMETER FEATURES

The triple-axis MEMS accelerometer in ICM-20649 includes the following features:

Digital-output X-, Y-, and Z-axis accelerometer with a programmable full scale range of +4g, +8¢g, +16g, and +30g and
integrated 16-bit ADCs

User-programmable interrupts

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

Self-test

2.3 DMP FEATURES
The DMP in ICM-20649 includes the following capabilities:

Offloads computation of motion processing algorithms from the host processor. The DMP can be used to minimize power,
simplify timing, simplify the software architecture, and save valuable MIPS on the host processor for use in applications.
Optimized for Android Lollipop for low power features (AP suspended) including SMD, Step Count, Step Detect, Activity
Classification, Rotation Vector, and Gaming Rotation Vector

Optimized for Android Lollipop batching, both while the AP is active and suspended. The DMP will also batch data from
externally connected sensors such as a compass, or pressure sensor.

The DMP enables ultra-low power run-time and background calibration of the accelerometer, gyroscope, and compass,
maintaining optimal performance of the sensor data for both physical and virtual sensors generated through sensor fusion.
This enables the best user experience for all sensor enabled applications for the lifetime of the device.

DMP features simplify the software architecture resulting in quicker time to market.

DMP features are OS, Platform, and Architecture independent, supporting virtually any AP, MCU, or other embedded
architecture.

2.4 ADDITIONAL FEATURES
The ICM-20649 includes the following additional features:

12C at up to 100 kHz (standard-mode) or up to 400 kHz (fast-mode) or SPI at up to 7 MHz for communication with registers
Auxiliary master I2C bus for reading data from external sensors (e.g. magnetometer)

Digital-output temperature sensor

10,0009 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 = 1.8 V, VDDIO = 1.8 V, Ta= 25°C, unless otherwise noted.

Note: All specifications apply to Standard (Duty-Cycled) Mode and Low-Noise Mode, unless noted otherwise.

PARAMETER | CONDITIONS | mMmin [ TP | MAX UNITS NOTES
GYROSCOPE SENSITIVITY

Full-Scale Range GYRO_FS_SEL=0 +500 dps 1
GYRO_FS_SEL=1 +1000 dps 1
GYRO_FS_SEL=2 +2000 dps 1
GYRO_FS_SEL=3 +4000 dps 1

Gyroscope ADC Word Length 16 bits 1

Sensitivity Scale Factor GYRO_FS_SEL=0 65.5 LSB/(dps) 1
GYRO_FS_SEL=1 32.8 LSB/(dps) 1
GYRO_FS_SEL=2 16.4 LSB/(dps) 1
GYRO_FS_SEL=3 8.2 LSB/(dps) 1

Sensitivity Scale Factor Tolerance 25°C +0.5 % 3

Sensitivity Scale Factor Variation Over -40°C to +85°C +2 % 2

Temperature

Nonlinearity Best fit straight line; 25°C 0.1 % 2,4

Cross-Axis Sensitivity +2 % 2,4

ZERO-RATE OUTPUT (ZRO)

GYRO_DLPFCFG = x

Initial ZRO Tolerance 25°C (Component-level) 15 dps 3
ZRO Variation Over Temperature -40°C to +85°C +0.05 dps/°C 2
GYROSCOPE NOISE PERFORMANCE (GYRO_FS_SEL=0)
Noise Spectral Density Based on Noise Bandwidth = 10 Hz 0.0175 dps/VHz 3
GYROSCOPE MECHANICAL FREQUENCIES 25 27 29 kHz 3
LOW PASS FILTER RESPONSE Programmable Range 5.7 197 Hz 1,4
GYROSCOPE START-UP TIME From Full-Chip Sleep mode 35 ms 2,4
Standard (duty-cycled) Mode 4.4 562.5 Hz
Low-Noise Mode
GYRO_FCHOICE =1; 4.4 1.125k Hz
OUTPUT DATA RATE GYRO_DLPFCFG = x 1
Low-Noise Mode
GYRO_FCHOICE =0; 9k Hz

Notes:
1.  Guaranteed by design.
2.
3. Tested in production.
4.  Low-noise mode specification.

Table 1. Gyroscope Specifications

Derived from validation or characterization of parts, not guaranteed in production.
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3.2 ACCELEROMETER SPECIFICATIONS

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

Note: All specifications apply to Standard (Duty-Cycled) Mode and Low-Noise Mode, unless noted otherwise.

PARAMETER \ CONDITIONS . MIN | TYP | MAX | UNITS | NOTES
ACCELEROMETER SENSITIVITY
ACCEL_FS=0 +4 g 1
ACCEL_FS=1 +8 g 1
Full-Scale Range ACCEL FS=2 116 g 1
ACCEL_FS=3 +30 g 1
ADC Word Length Output in two’s complement format 16 bits 1
ACCEL_FS=0 8,192 LSB/g 1
. ACCEL_FS=1 4,096 LSB/g 1
Sensitivity Scale Factor ACCEL FS=2 2,048 LSB/g 1
ACCEL_FS =3 1,024 LSB/g 1
Initial Tolerance Component-level 0.5 % 3
Sensitivity Change vs. Temperature -40°C to +85°C ACCEL_FS=0 +0.026 %/2C 2
Nonlinearity Best Fit Straight Line 0.5 % 2,4
Cross-Axis Sensitivity +2 % 2,4
Initial Tolerance Component-level, all axes +65 mg 3
Zero-G Level Change vs. Temperature | 0°C to +85°C +0.80 mg/°C 2
ACCELEROMETER NOISE PERFORMANCE
Noise Spectral Density Based on Noise Bandwidth = 10 Hz 285 ug/vHz 3
LOW PASS FILTER RESPONSE Programmable Range 5.7 246 Hz 1,4
INTELLIGENCE FUNCTION
INCREMENT 32 mg/LsB !
From Sleep mode 20 ms 2,4
ACCELEROMETER STARTUP TIME From Cold Start, 1ms Vop ramp 30 ms 24
Low-Power Mode 0.27 562.5 Hz
Low-Noise Mode
ACCEL_FCHOICE =1; 4.5 1.125k Hz
OUTPUT DATA RATE ACCEL_DLPFCFG = x 1
Low-Noise Mode
ACCEL_FCHOICE = 0; 4.5k Hz
ACCEL_DLPFCFG = x

Table 2. Accelerometer Specifications

Notes:
1.  Guaranteed by design.
2.  Derived from validation or characterization of parts, not guaranteed in production.
3. Tested in production.
4.  Low-noise mode specification.
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3.3 ELECTRICAL SPECIFICATIONS
3.3.1 D.C. Electrical Characteristics

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

VDD 1.71 1.8 3.6 Vv 1
VDDIO 1.71 1.8 3.6 Vv 1
Gyroscope Only .

Low-N M 2.67 A 2
(DMP & Accelerometer disabled) ow-Noise Mode 6 m
Accelerometer Only .
(DMP & Gyroscope disabled) Low-Noise Mode 760 WA 2
Gyroscope + Accelerometer .
(DMP disabled) Low-Noise Mode 3.21 mA 2
Gyroscope Only Low-Power Mode, 102.3 Hz update rate, 1x 1.23 mA 23
(DMP & Accelerometer disabled) averaging filter ’ !
Accelerometer Only Low-Power Mode, 102.3 Hz update rate, 1x 63.9 A 23
(DMP & Gyroscope disabled) averaging filter ’ W !
Gyroscope + Accelerometer Low-Power Mode, 102.3 Hz update rate, 1.27 mA 23
(DMP disabled) 1x averaging filter ’ !
Full-Chip Sleep Mode 8 pA 2
Specified Temperature Range Performance parameters are not applicable o

e -40 +85 C 1
beyond Specified Temperature Range

Notes:

1.  Guaranteed by design.

Table 3. D.C. Electrical Characteristics

2.  Derived from validation or characterization of parts, not guaranteed in production.
3. The 102.3 Hz ODR value shown here is an example; please see the section below for the full list of ODRs supported and corresponding current values.

Document Number: DS-000192
Revision: 1.0

Page 14 of 89
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3.3.2  A.C. Electrical Characteristics
Typical Operating Circuit of section 4.2, VDD = 1.8 V, VDDIO = 1.8 V, Ta= 25°C, unless otherwise noted.

Supply Ramp Time (Tramp) Monotonic ramp. Ramp 0.01 20 100 ms 1
rate is 10% to 90% of the
final value.
. TEMPERATURESENSOR ]
Operating Range Ambient -40 85 °C
Sensitivity Untrimmed 333.87 LSB/°C 1
Room Temp Offset 21°C 0 LSB
- PowerOnRESET 000000000 |
Supply Ramp Time (Tramp) Valid power-on RESET 0.01 20 100 ms 1
Start-up time for register read/write From power-up 11 100 ms 1
ADO=0 1101000
I*C ADDRESS ADO=1 1101001
. DIGITALINPUTS(FSYNCADO,sCLK,spLcs) |
Vin, High Level Input Voltage 0.7*vDDIO Vv
Vi, Low Level Input Voltage 0.3*VDDIO \" 1
C,, Input Capacitance <10 pF
- DIGmALOUTPUT(SDO,NT) ]
Von, High Level Output Voltage Rioan=1 MQ; 0.9*VDDIO \
Vou1, LOW-Level Output Voltage Rioan =1 MQ; 0.1*vVDDIO Y
Voury, INT Low-Level Output Voltage OPEN =1, 0.3 mA sink 0.1 \ 1
Current
Output Leakage Current OPEN=1 100 nA
tint, INT Pulse Width LATCH_INT_EN =0 50 us
- eecyogsetsoA ]
V), LOW Level Input Voltage -0.5V 0.3*vVDDIO Vv
Vi, HIGH-Level Input Voltage 0.7*vDDIO VDDIO + Vv
0.5V
Vhys, Hysteresis 0.1*VDDIO Y
Vor, LOW-Level Output Voltage 3 mA sink current 0 0.4 \Y 1
lo,, LOW-Level Output Current Vo=0.4V 3 mA
VoL=0.6V 6 mA
Output Leakage Current 100 nA
tor, Output Fall Time from Vimax to Cp bus capacitance in pf 20+0.1 Gy 250 ns
VILmax
- AUXWUARV/O(AUXCLAUXDA
V., LOW-Level Input Voltage -0.5V 0.3*VDDIO \Y
Vi, HIGH-Level Input Voltage 0.7* VvDDIO VDDIO + Vv
0.5V
Vhys, Hysteresis 0.1* vDDIO Y
Vou1, LOW-Level Output Voltage VDDIO >2 V; 1 mAsink 0 0.4 \%
current
Vous, LOW-Level Output Voltage VDDIO <2 V; 1 mAssink 0 0.2* VDDIO \ 1
current
lo,, LOW-Level Output Current VoL=0.4V 3 mA
VoL=0.6V 6 mA
Output Leakage Current 100 nA
tor, Output Fall Time from Vigmax to Cp bus capacitance in pF 20+0.1C, 250 ns
VILmax
- INTERNALCLOGKSOURCE ]
Accelerometer Only Mode -5 +5 % 1
Gyroscope or 6-Axis Mode 1
Clock Frequency Initial Tolerance WITHOPT Timebase 9 9 %
Correction

Gyroscope or 6-Axis Mode

WITH Timebase Correction 1 1
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Frequency Variation over Accelerometer Only Mode -10 +10 % 1
Temperature Gyroscope or 6-Axis Mode +1 % 1
Table 4. A.C. Electrical Characteristics
Notes:

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

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

SPI Operating Frequency, All Low Speed Characterization +11%2/ kHz
X (]
Registers R Writ
egisters Read/Write High Speed Characterization 7 £10% MHz
All registers, Fast-mode 400 kHz
12C ting F -
Operating Frequency All registers, Standard-mode 100 kHz

Table 5. Other Electrical Specifications
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3.4 I>)C TIMING CHARACTERIZATION

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

PARAMETERS CONDITIONS MIN TYPICAL MAX UNITS NOTES
12C TIMING 12C FAST-MODE

fsci, SCL Clock Frequency 400 kHz 1,2
tup.sta, (Repeated) START Condition Hold 0.6 us 1,2
Time

tiow, SCL Low Period 1.3 us 1,2
trien, SCL High Period 0.6 Us 1,2
tsu.sta, Repeated START Condition Setup 0.6 us 1,2
Time

thp.oat, SDA Data Hold Time 0 us 1,2
tsu.pat, SDA Data Setup Time 100 ns 1,2
t,, SDA and SCL Rise Time Cp bus cap. from 10 to 400 pF 20+0.1Cy 300 ns 1,2
ts, SDA and SCL Fall Time Cp bus cap. from 10 to 400 pF 20+0.1Cy 300 ns 1,2
tsu.sto, STOP Condition Setup Time 0.6 us 1,2
tsur, Bus Free Time Between STOP and 1.3 us 1,2
START Condition

Cp, Capacitive Load for each Bus Line <400 pF 1,2
tvp.pat, Data Valid Time 0.9 us 1,2
tvp.ack, Data Valid Acknowledge Time 0.9 us 1,2

Table 6. 12C Timing Characteristics
Notes:

1.  Timing Characteristics apply to both Primary and Auxiliary 12C Bus.
2. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets.

ﬁ ------ ”-:‘_ /—
g x [ eee--- >

............ .
continued below at @

tf tr tsu.DAT
PR

SDA 7

SCL 70%
N 20%
s tHD.SYA |€&—— 1/fscL

1* clock cycle

9" clock cycle

+- tBUF —
con [ . e
(O ELIT JRE) ' S

tsusta | | tHD.sTA tvD.ACK H tsu.sTo

SCL 70%
30% ) W

Sr 9" clock cycle P S

Figure 1. I2C Bus Timing Diagram
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3.5 SPITIMING CHARACTERIZATION

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

Parameters Conditions Min Typical Max Units Notes
SPI TIMING
fscik, SCLK Clock Frequency 7 MHz
tiow, SCLK Low Period 64 ns
thign, SCLK ngh Period 64 ns
tsu.cs, CS Setup Time 8 s
tHp.cs, CS Hold Time 500 ns
tsu.spi, SDI Setup Time 5 ns
thp.spi, SDI Hold Time 7 ns
tvp.spo, SDO Valid Time Cioad = 20 pF 59 ns
thp.spo, SDO Hold Time Cioad = 20 pF 6 ns
tois.spo, SDO Output Disable Time 50 ns
Table 7. SPI Timing Characteristics (7 MHz)
Note:
1. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets.
Cs 70%35 /
30%

tFall tRise 77 tHD:CS —pt

"I tsu;cs |<— [ tHIGH Ple—— 1/fcLk —— ’ _’I

SCLK 70% t

30%& -Z I I

tsu;sol tHD;sDI | tLow :

t } /
SDI 7°%X MSB IN | | X X LSBIN |
30% P |
"tvD;spo 'thb:spo 7 | tois;spo
|<—>| I
7/
Sbo { wvsBout X 7o% X X LSB OUT }—
\ 30%

Figure 2. SPI Bus Timing Diagram
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3.6 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.

Parameter Rating

Supply Voltage, VDD -0.5V to 4V
Supply Voltage, VDDIO -0.5V to 4V
REGOUT -0.5V to 2V
Input Voltage Level (AUX_DA, ADO, FSYNC, INT, SCL, SDA) -0.5V to VDD + 0.5V
Acceleration (Any Axis, unpowered) 10,0009 for 0.2 ms
Operating Temperature Range -40°C to +105°C
Storage Temperature Range -40°C to +125°C

o . 2 kV (HBM);
Electrostatic Discharge (ESD) Protection 200V (MM)
Latch-up JEDEC Class Il (2),125°C

+100 mA

Table 8. Absolute Maximum Ratings
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4 APPLICATIONS INFORMATION

4.1

PIN OUT DIAGRAM AND SIGNAL DESCRIPTION

PIN NUMBER PIN NAME PIN DESCRIPTION
7 AUX_CL I2C Master serial clock, for connecting to external sensors.
8 VDDIO Digital I/O supply voltage.
9 ADO / SDO 12C Slave Address LSB (ADO); SPI serial data output (SDO).
10 REGOUT Regulator filter capacitor connection.
11 FSYNC Frame synchronization digital input. Connect to GND if unused.
12 INT1 Interrupt 1.
13 VDD Power supply voltage.
18 GND Power supply ground.
19 INT2 Interrupt 2.
20 RESV Reserved. Connect to GND.
21 AUX_DA I2C master serial data, for connecting to external sensors.
22 nCS Chip select (SPI mode only).
23 SCL / SCLK 12C serial clock (SCL); SPI serial clock (SCLK).
24 SDA / SDI I2C serial data (SDA); SPI serial data input (SDI).
1-6,14-17 NC No Connect pins. Do not connect.
Table 9. Signal D