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AN4650 Application note LSM6DS3: always-on 3D accelerometer and 3D gyroscope



Introduction This document is intended to provide usage information and application hints related to ST’s LSM6DS3 iNEMO inertial module. The LSM6DS3 is a 3D digital accelerometer and 3D digital gyroscope system-in-package with a digital I2C/SPI serial interface standard output, performing at 0.9 mA in combo Normal mode and 1.25 mA (up to 1.6 kHz) in combo High-Performance mode. Thanks to the ultra-low noise performance of both the gyroscope and the accelerometer, the device combines always-on low-power features with superior sensing precision for an optimal motion experience for the consumer. Furthermore, the accelerometer features smart sleepto-wake-up (Activity) and return-to-sleep (Inactivity) functions that allow advanced power saving. The device has a dynamic user-selectable full-scale acceleration range of ±2/±4/±8/±16 g and an angular rate range of ±125/±245/±500/±1000/±2000 dps. The LSM6DS3 can be configured to generate interrupt signals by using hardware recognition of free-fall events, 6D orientation, tap and double-tap sensing, activity or inactivity, wake-up events. The availability of different connection modes to external sensors allows implementing additional functionalities such as sensor hub, auxiliary SPI, etc. The LSM6DS3 is compatible with the requirements of Android KitKat, Android L and the leading OSs, offering real, virtual and batch-mode sensors. It has been designed to implement in hardware significant motion, tilt, pedometer functions, time stamp and to support the data acquisition of an external magnetometer with ironing correction (hard, soft). The LSM6DS3 has an integrated smart first-in first-out (FIFO) buffer of up to 8 kbyte size, allowing dynamic batching of significant data (i.e. external sensors, step counter, time stamp and temperature). The LSM6DS3 is available in a small plastic land grid array package (LGA-14L) and it is guaranteed to operate over an extended temperature range from -40 °C to +85 °C. The ultra-small size and weight of the SMD package make it an ideal choice for handheld portable applications such as smartphones, IoT connected devices, and wearables or any other application where reduced package size and weight are required.
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Bit5



Bit4



Bit3



Bit2



Bit1



Bit0



FUNC_CFG_ACCESS



01h



FUNC_CFG _EN



0



0



0



0



0



0



0



SENSOR_SYNC_ TIME_FRAME



04h



TPH_7



TPH_6



TPH_5



TPH_4



TPH_3



TPH_2



TPH_1



TPH_0



FIFO_CTRL1



06h



FTH_7



FTH_6



FTH_5



FTH_4



FTH_3



FTH_2



FTH_1



FTH_0



FIFO_CTRL2



07h



0



0



FTH_11



FTH_10



FTH_9



FTH_8



FIFO_CTRL3



08h



0



0



DEC_FIFO _GYRO2



DEC_FIFO _GYRO1



DEC_FIFO _GYRO0



DEC_FIFO _XL2



DEC_FIFO _XL1



DEC_FIFO _XL0



FIFO_CTRL4



09h



0



ONLY_HIGH _DATA



DEC_DS4 _FIFO2



DEC_DS4 _FIFO1



DEC_DS4 _FIFO0



DEC_DS3 _FIFO2



DEC_DS3 _FIFO1



DEC_DS3 _FIFO0



FIFO_CTRL5



0Ah



0



ODR_FIFO _3



ODR_FIFO _2



ODR_FIFO _1



ODR_FIFO _0



ORIENT_CFG_G



0Bh



0



0



SignX_G



SignY_G



SignZ_G



Orient_2



Orient_1



Orient_0



INT1_CTRL



0Dh



INT1_STEP _DETECTOR



INT1_SIG _MOT



INT1_FULL_ FLAG



INT1_FIFO_ OVR



INT1_FTH



INT1_BOOT



INT1_DRDY _G



INT1_DRDY _XL



INT2_CTRL



0Eh



IINT2_STEP _DELTA



INT2_STEP _COUNT_OV



INT2_FULL_ FLAG



INT2_FIFO_ OVR



INT2_FTH



INT2_DRDY _TEMP



INT2_DRDY _G



INT2_DRDY _XL



WHO_AM_I



0Fh



0



1



1



0



1



0



0



1



CTRL1_XL



10h



ODR_XL3



ODR_XL2



ODR_XL1



ODR_XL0



FS_XL1



FS_XL0



BW_XL1



BW_XL0



CTRL2_G



11h



ODR_G3



ODR_G2



ODR_G1



ODR_G0



FS_G1



FS_G0



FS_125



0



CTRL3_C



12h



BOOT



BDU



H_LACTIVE



PP_OD



SIM



IF_INC



BLE



SW_RESET



CTRL4_C



13h



XL_BW_ SCAL_ODR



SLEEP_G



INT2_on _INT1



FIFO_TEMP _EN



DRDY _MASK



I2C_disable



MODE3_EN



STOP_ON _FTH



CTRL5_C



14h



ROUNDING2



ROUNDING1



ROUNDING0



0



ST1_G



ST0_G



ST1_XL



ST0_XL



TIMER_PEDO TIMER_PEDO _FIFO_EN _FIFO_DRDY



FIFO_MODE FIFO_MODE FIFO_MODE _2 _1 _0
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Bit7



Bit6



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0



CTRL6_C



15h



TRIG_EN



LVLen



LVL2_EN



XL_HM _MODE



0



0



0



0



CTRL7_G



16h



G_HM_MODE



HP_G_EN



HPCF_G1



HPCF_G0



HP_G_RST



ROUNDING _STATUS



0



0



CTRL8_XL



17h



LPF2_XL_EN



HPCF_XL1



HPCF_XL0



0



0



HP_SLOPE_ XL_EN



0



LOW_PASS _ON_6D



CTRL9_XL



18h



0



0



Zen_XL



Yen_XL



Xen_XL



SOFT_EN



0



0



CTRL10_C



19h



0



0



Zen_G



Yen_G



Xen_G



FUNC_EN



PEDO_RST _STEP



SIGN_MOTI ON_EN



MASTER_CONFIG



1Ah



DRDY_ON _INT1



DATA_VALID _SEL_FIFO



0



START _CONFIG



PULL_UP _EN



PASS _THROUGH _MODE



IRON_EN



MASTER _ON



WAKE_UP_SRC



1Bh



0



0



FF_IA



SLEEP _STATE_IA



WU_IA



X_WU



Y_WU



Z_WU



TAP_SRC



1Ch



0



TAP_IA



SINGLE _TAP



DOUBLE _TAP



TAP_SIGN



X_TAP



Y_TAP



Z_TAP



D6D_SRC



1Dh



0



D6D_IA



ZH



ZL



YH



YL



XH



XL



STATUS_REG



1Eh



-



-



-



-



EV_BOOT



TDA



GDA



XLDA



OUT_TEMP_L



20h



Temp7



Temp6



Temp5



Temp4



Temp3



Temp2



Temp1



Temp0



OUT_TEMP_H



21h



Temp15



Temp14



Temp13



Temp12



Temp11



Temp10



Temp9



Temp8



OUTX_L_G



22h



D7



D6



D5



D4



D3



D2



D1



D0



OUTX_H_G



23h



D15



D14



D13



D12



D11



D10



D9



D8



OUTY_L_G



24h



D7



D6



D5



D4



D3



D2



D1



D0



OUTY_H_G



25h



D15



D14



D13



D12



D11



D10



D9



D8



OUTZ_L_G



26h



D7



D6



D5



D4



D3



D2



D1



D0



OUTZ_H_G



27h



D15



D14



D13



D12



D11



D10



D9



D8



OUTX_L_XL



28h



D7



D6



D5



D4



D3



D2



D1



D0
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OUTX_H_XL



29h



D15



D14



D13



D12



D11



D10



D9



D8



OUTY_L_XL



2Ah



D7



D6



D5



D4



D3



D2



D1



D0



OUTY_H_XL



2Bh



D15



D14



D13



D12



D11



D10



D9



D8



OUTZ_L_XL



2Ch



D7



D6



D5



D4



D3



D2



D1



D0



OUTZ_H_XL



2Dh



D15



D14



D13



D12



D11



D10



D9



D8



SENSORHUB1_REG



2Eh



SHub1_7



SHub1_6



SHub1_5



SHub1_4



SHub1_3



SHub1_2



SHub1_1



SHub1_0



SENSORHUB2_REG



2Fh



SHub2_7



SHub2_6



SHub2_5



SHub2_4



SHub2_3



SHub2_2



SHub2_1



SHub2_0



SENSORHUB3_REG



30h



SHub3_7



SHub3_6



SHub3_5



SHub3_4



SHub3_3



SHub3_2



SHub3_1



SHub3_0



SENSORHUB4_REG



31h



SHub4_7



SHub4_6



SHub4_5



SHub4_4



SHub4_3



SHub4_2



SHub4_1



SHub4_0



SENSORHUB5_REG



32h



SHub5_7



SHub5_6



SHub5_5



SHub5_4



SHub5_3



SHub5_2



SHub5_1



SHub5_0



SENSORHUB6_REG



33h



SHub6_7



SHub6_6



SHub6_5



SHub6_4



SHub6_3



SHub6_2



SHub6_1



SHub6_0



SENSORHUB7_REG



34h



SHub7_7



SHub7_6



SHub7_5



SHub7_4



SHub7_3



SHub7_2



SHub7_1



SHub7_0



SENSORHUB8_REG



35h



SHub8_7



SHub8_6



SHub8_5



SHub8_4



SHub8_3



SHub8_2



SHub8_1



SHub8_0



SENSORHUB9_REG



36h



SHub9_7



SHub9_6



SHub9_5



SHub9_4



SHub9_3



SHub9_2



SHub9_1



SHub9_0



SENSORHUB10_REG



37h



SHub10_7



SHub10_6



SHub10_5



SHub10_4



SHub10_3



SHub10_2



SHub10_1



SHub10_0



SENSORHUB11_REG



38h



SHub11_7



SHub11_6



SHub11_5



SHub11_4



SHub11_3



SHub11_2



SHub11_1



SHub11_0



SENSORHUB12_REG



39h



SHub12_7



SHub12_6



SHub12_5



SHub12_4



SHub12_3



SHub12_2



SHub12_1



SHub12_0



FIFO_STATUS1



3Ah



DIFF_FIFO _7



DIFF_FIFO _6



DIFF_FIFO _5



DIFF_FIFO _4



DIFF_FIFO _3



DIFF_FIFO _2



DIFF_FIFO _1



DIFF_FIFO _0



FIFO_STATUS2



3Bh



FTH



FIFO_OVER_ RUN



FIFO_FULL



FIFO _EMPTY



DIFF_FIFO _11



DIFF_FIFO _10



DIFF_FIFO _9



DIFF_FIFO _8



FIFO_STATUS3



3Ch



FIFO_ PATTERN_7



FIFO_ PATTERN_6



FIFO_ PATTERN_5



FIFO_STATUS4



3Dh



0



0



0
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FIFO_ FIFO_ FIFO_ FIFO_ FIFO_ PATTERN_4 PATTERN_3 PATTERN_2 PATTERN_1 PATTERN_0 0



0



FIFO_ FIFO_ PATTERN_9 PATTERN_8
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Register name
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Bit7



Bit6



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0



FIFO_DATA_OUT_L



3Eh



DATA_OUT _FIFO_L_7



DATA_OUT _FIFO_L_6



DATA_OUT _FIFO_L_5



DATA_OUT _FIFO_L_4



DATA_OUT _FIFO_L_3



DATA_OUT _FIFO_L_2



DATA_OUT _FIFO_L_1



DATA_OUT _FIFO_L_0



FIFO_DATA_OUT_H



3Fh



DATA_OUT _FIFO_H_7



DATA_OUT _FIFO_H_6



DATA_OUT _FIFO_H_5



DATA_OUT _FIFO_H_4



DATA_OUT _FIFO_H_3



DATA_OUT _FIFO_H_2



DATA_OUT _FIFO_H_1



DATA_OUT _FIFO_H_0



TIMESTAMP0_REG



40h



TIMESTAMP 0_7



TIMESTAMP 0_6



TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP 0_5 0_4 0_3 0_2 0_1 0_0



TIMESTAMP1_REG



41h



TIMESTAMP 1_7



TIMESTAMP 1_6



TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP 1_5 1_4 1_3 1_2 1_1 1_0



TIMESTAMP2_REG



42h



TIMESTAMP 2_7



TIMESTAMP 2_6



TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP TIMESTAMP 2_5 2_4 2_3 2_2 2_1 2_0



STEP_TIMESTAMP_L



49h



STEP_TIMES TAMP_L_7



STEP_TIMES STEP_TIMES STEP_TIME STEP_TIME STEP_TIME STEP_TIME STEP_TIME TAMP_L_6 TAMP_L_5 STAMP_L_4 STAMP_L_3 STAMP_L_2 STAMP_L_1 STAMP_L_0



STEP_TIMESTAMP_H



4Ah



STEP_TIMES TAMP_L_7



STEP_TIMES STEP_TIMES STEP_TIME STEP_TIME STEP_TIME STEP_TIME STEP_TIME TAMP_L_6 TAMP_L_5 STAMP_L_4 STAMP_L_3 STAMP_L_2 STAMP_L_1 STAMP_L_0



STEP_COUNTER_L



4Bh



STEP_COUN STEP_COUNT STEP_COUN STEP_COU TER_L_7 ER_L_6 TER_L_5 NTER_L_4



STEP_COU NTER_L_3



STEP_COU NTER_L_2



STEP_COU NTER_L_1



STEP_COU NTER_L_0



STEP_COUNTER_H



4Ch



STEP_COUN STEP_COUNT STEP_COUN STEP_COU TER_H_7 ER_H_6 TER_H_5 NTER_H_4



STEP_COU NTER_H_3



STEP_COU NTER_H_2



STEP_COU NTER_H_1



STEP_COU NTER_H_0



SENSORHUB13_REG



4Dh



SHub13_7



SHub13_6



SHub13_5



SHub13_4



SHub13_3



SHub13_2



SHub13_1



SHub13_0



SENSORHUB14_REG



4Eh



SHub14_7



SHub14_6



SHub14_5



SHub14_4



SHub14_3



SHub14_2



SHub14_1



SHub14_0



SENSORHUB15_REG



4Fh



SHub15_7



SHub15_6



SHub15_5



SHub15_4



SHub15_3



SHub15_2



SHub15_1



SHub15_0



SENSORHUB16_REG



50h



SHub16_7



SHub16_6



SHub16_5



SHub16_4



SHub16_3



SHub16_2



SHub16_1



SHub16_0



SENSORHUB17_REG



51h



SHub17_7



SHub17_6



SHub17_5



SHub17_4



SHub17_3



SHub17_2



SHub17_1



SHub17_0



SENSORHUB18_REG



52h



SHub18_7



SHub18_6



SHub18_5



SHub18_4



SHub18_3



SHub18_2



SHub18_1



SHub18_0



FUNC_SRC



53h



STEP_COUN T_DELTA_IA



SIGN_ MOTION_IA



TILT_IA



STEP_ DETECTED



STEP_OVE RFLOW



-



SI_END_OP



SENSORHU B_END_OP



TAP_CFG



58h



TIMER_EN



PEDO_EN



TILT_EN



SLOPE _FDS



TAP_X_EN



TAP_Y_EN



TAP_Z_EN



LIR



Registers



12/102



Address



AN4650



Table 1. Registers (continued)



Register name



DocID027415 Rev 1



Address



Bit7



Bit6



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0



TAP_THS_6D



59h



D4D_EN



SIXD_THS1



SIXD_THS0



TAP_THS4



TAP_THS3



TAP_THS2



TAP_THS1



TAP_THS0



INT_DUR2



5Ah



DUR3



DUR2



DUR1



DUR0



QUIET1



QUIET0



SHOCK1



SHOCK0



WAKE_UP_THS



5Bh



SINGLE_DOU BLE_TAP



INACTIVITY



WK_THS5



WK_THS4



WK_THS3



WK_THS2



WK_THS1



WK_THS0



WAKE_UP_DUR



5Ch



FF_DUR5



WAKE _DUR1



WAKE _DUR0



TIMER_HR



SLEEP _DUR3



SLEEP _DUR2



SLEEP _DUR1



SLEEP _DUR0



FREE_FALL



5Dh



FF_DUR4



FF_DUR3



FF_DUR2



FF_DUR1



FF_DUR0



FF_THS2



FF_THS1



FF_THS0



MD1_CFG



5Eh



INT1_INACT _STATE



INT1_SINGLE _TAP



INT1_WU



INT1_FF



INT1_DOUB LE_TAP



INT1_6D



INT1_TILT



INT1 _TIMER



MD2_CFG



5Fh



INT2_INACT _STATE



INT2_SINGLE _TAP



INT2_WU



INT2_FF



INT2_DOUB LE_TAP



INT2_6D



INT2_TILT



INT2 _IRON



OUT_MAG_RAW_X_L



66h



D7



D6



D5



D4



D3



D2



D1



D0



OUT_MAG_RAW_X_H



67h



D15



D14



D13



D12



D11



D10



D9



D8



OUT_MAG_RAW_Y_L



68h



D7



D6



D5



D4



D3



D2



D1



D0



OUT_MAG_RAW_Y_H



69h



D15



D14



D13



D12



D11



D10



D9



D8



OUT_MAG_RAW_Z_L



6Ah



D7



D6



D5



D4



D3



D2



D1



D0



OUT_MAG_RAW_Z_H



6Bh



D15



D14



D13



D12



D11



D10



D9



D8
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1.1



The list of the registers for embedded functions available in the device is given in Table 2. Embedded functions registers are accessible when the FUNC_CFG_EN bit is set to ‘1’ in the FUNC_CFG_ACCESS register. Table 2. Embedded functions registers Register name



DocID027415 Rev 1



Bit7



Bit6



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0



SLV0_ADD



02h



Slave0 _add6



Slave0 _add5



Slave0 _add4



Slave0 _add3



Slave0 _add2



Slave0 _add1



Slave0 _add0



rw_0



SLV0_SUBADD



03h



Slave0 _reg7



Slave0 _reg6



Slave0 _reg5



Slave0 _reg4



Slave0 _reg3



Slave0 _reg2



Slave0 _reg1



Slave0 _reg0



SLAVE0_CONFIG



04h



Slave0 _rate1



Slave0 _rate0



Src_mode



Slave0 _numop2



Slave0 _numop1



Slave0 _numop0



SLV1_ADD



05h



Slave1 _add6



Slave1 _add5



Slave1 _add4



Slave1 _add3



Slave1 _add2



Slave1 _add1



Slave1 _add0



r_1



SLV1_SUBADD



06h



Slave1 _reg7



Slave1 _reg6



Slave1 _reg5



Slave1 _reg4



Slave1 _reg3



Slave1 _reg2



Slave1 _reg1



Slave1 _reg0



SLAVE1_CONFIG



07h



Slave1 _rate1



Slave1 _rate0



0



0



0



Slave1 _numop2



Slave1 _numop1



Slave1 _numop0



SLV2_ADD



08h



Slave2 _add6



Slave2 _add5



Slave2 _add4



Slave2 _add3



Slave2 _add2



Slave2 _add1



Slave2 _add0



r_2



SLV2_SUBADD



09h



Slave2 _reg7



Slave2 _reg6



Slave2 _reg5



Slave2 _reg4



Slave2 _reg3



Slave2 _reg2



Slave2 _reg1



Slave2 _reg0



SLAVE2_CONFIG



0Ah



Slave2 _rate1



Slave2 _rate0



0



0



0



Slave2 _numop2



Slave2 _numop1



Slave2 _numop0



SLV3_ADD



0Bh



Slave3 _add6



Slave3 _add5



Slave3 _add4



Slave3 _add3



Slave3 _add2



Slave3 _add1



Slave3 _add0



r_3



SLV3_SUBADD



0Ch



Slave3 _reg7



Slave3 _reg6



Slave3 _reg5



Slave3 _reg4



Slave3 _reg3



Slave3 _reg2



Slave3 _reg1



Slave3 _reg0



Aux_sens _on1



Aux_sens _on0
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Bit7



Bit6



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0



SLAVE3_CONFIG



0Dh



Slave3 _rate1



Slave3 _rate0



0



0



0



Slave3 _numop2



Slave3 _numop1



Slave3 _numop0



DATAWRITE_SRC _MODE_SUB_SLV0



0Eh



Slave_dataw 7



Slave_dataw 6



Slave_dataw Slave_dataw Slave_dataw Slave_dataw Slave_dataw Slave_dataw 3 5 4 2 1 0



SM_THS



13h



SM_THS_7



SM_THS_6



SM_THS_5



SM_THS_4



SM_THS_3



SM_THS_2



SM_THS_1



SM_THS_0



STEP_COUNT_DELTA



15h



SC_DELTA _7



SC_DELTA _6



SC_DELTA _5



SC_DELTA _4



SC_DELTA _3



SC_DELTA _2



SC_DELTA _1



SC_DELTA _0



MAG_SI_XX



24h



MAG_SI _XX_7



MAG_SI _XX_6



MAG_SI _XX_5



MAG_SI _XX_4



MAG_SI _XX_3



MAG_SI _XX_2



MAG_SI _XX_1



MAG_SI _XX_0



MAG_SI_XY



25h



MAG_SI _XY_7



MAG_SI _XY_6



MAG_SI _XY_5



MAG_SI _XY_4



MAG_SI _XY_3



MAG_SI _XY_2



MAG_SI _XY_1



MAG_SI _XY_0



MAG_SI_XZ



26h



MAG_SI _XZ_7



MAG_SI _XZ_6



MAG_SI _XZ_5



MAG_SI _XZ_4



MAG_SI _XZ_3



MAG_SI _XZ_2



MAG_SI _XZ_1



MAG_SI _XZ_0



MAG_SI_YX



27h



MAG_SI _YX_7



MAG_SI _YX_6



MAG_SI _YX_5



MAG_SI _YX_4



MAG_SI _YX_3



MAG_SI _YX_2



MAG_SI _YX_1



MAG_SI _YX_0



MAG_SI_YZ



28h



MAG_SI _YZ_7



MAG_SI _YZ_6



MAG_SI _YZ_5



MAG_SI _YZ_4



MAG_SI _YZ_3



MAG_SI _YZ_2



MAG_SI _YZ_1



MAG_SI _YZ_0



MAG_SI_YX



29h



MAG_SI _YX_7



MAG_SI _YX_6



MAG_SI _YX_5



MAG_SI _YX_4



MAG_SI _YX_3



MAG_SI _YX_2



MAG_SI _YX_1



MAG_SI _YX_0



MAG_SI_ZX



2Ah



MAG_SI _ZX_7



MAG_SI _ZX_6



MAG_SI _ZX_5



MAG_SI _ZX_4



MAG_SI _ZX_3



MAG_SI _ZX_2



MAG_SI _ZX_1



MAG_SI _ZX_0



MAG_SI_ZY



2Bh



MAG_SI _ZY_7



MAG_SI _ZY_6



MAG_SI _ZY_5



MAG_SI _ZY_4



MAG_SI _ZY_3



MAG_SI _ZY_2



MAG_SI _ZY_1



MAG_SI _ZY_0



MAG_SI_ZZ



2Ch



MAG_SI _ZZ_7



MAG_SI _ZZ_6



MAG_SI _ZZ_5



MAG_SI _ZZ_4



MAG_SI _ZZ_3



MAG_SI _ZZ_2



MAG_SI _ZZ_1



MAG_SI _ZZ_0



MAG_OFFX_L



2Dh



MAG_OFFX _L_7



MAG_OFFX _L_6



MAG_OFFX _L_5



MAG_OFFX MAG_OFFX MAG_OFFX MAG_OFFX MAG_OFFX _L_4 _L_3 _L_2 _L_1 _L_0



MAG_OFFX_H



2Eh



MAG_OFFX _H_7



MAG_OFFX _H_6



MAG_OFFX _H_5



MAG_OFFX MAG_OFFX MAG_OFFX MAG_OFFX MAG_OFFX _H_4 _H_3 _H_2 _H_1 _H_0
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Table 2. Embedded functions registers (continued)



Register name



Address



Bit7



Bit6



Bit5



Bit4



Bit3



Bit2



Bit1



Bit0



MAG_OFFY_L



2Fh



MAG_OFFY _L_7



MAG_OFFY _L_6



MAG_OFFY _L_5



MAG_OFFY MAG_OFFY MAG_OFFY MAG_OFFY MAG_OFFY _L_4 _L_3 _L_2 _L_1 _L_0



MAG_OFFY_H



30h



MAG_OFFY _H_7



MAG_OFFY _H_6



MAG_OFFY _H_5



MAG_OFFY MAG_OFFY MAG_OFFY MAG_OFFY MAG_OFFY _H_4 _H_3 _H_2 _H_1 _H_0



MAG_OFFZ_L



31h



MAG_OFFZ _L_7



MAG_OFFZ _L_6



MAG_OFFZ _L_5



MAG_OFFZ _L_4



MAG_OFFZ MAG_OFFZ MAG_OFFZ _L_3 _L_2 _L_1



MAG_OFFZ _L_0



MAG_OFFZ_H



32h



MAG_OFFZ _H_7



MAG_OFFZ _H_6



MAG_OFFZ _H_5



MAG_OFFZ _H_4



MAG_OFFZ MAG_OFFZ MAG_OFFZ _H_3 _H_2 _H_1



MAG_OFFZ _H_0
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Table 2. Embedded functions registers (continued)
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2



Operating modes



Operating modes The LSM6DS3 provides three possible operating configurations:  only accelerometer active and gyroscope in Power-Down;  only gyroscope active and accelerometer in Power-Down;  both accelerometer and gyroscope active with independent ODR. After the power supply is applied, the LSM6DS3 performs a 20 ms boot procedure to load the trimming parameters. After the boot is completed, both the accelerometer and the gyroscope are automatically configured in Power-Down mode. The accelerometer and the gyroscope can be independently configured in four different power modes: Power-Down, Low-Power, Normal and High-Performance mode. They are allowed to have different data rates without any limit. The gyroscope sensor can also be set in Sleep mode to reduce its power consumption. When both the accelerometer and gyroscope are on, the accelerometer is synchronized with the gyroscope and the data rates of the two sensors are integer multiples of each other. If the accelerometer and the gyroscope have been configured with the same output data rate, the gyroscope data-ready signal (DRDY_G) is always subsequent to the accelerometer data-ready signal (DRDY_XL); in this case, for synchronous reading of the two sensors, it is convenient to use the gyroscope data-ready signal. Referring to the LSM6DS3 datasheet, the output data rate (ODR_XL) bits of CTRL1_XL register and the High-Performance disable (XL_HM_MODE) bit of CTRL6_C register are used to select the power mode and the output data rate of the accelerometer sensor (Table 3). Table 3. Accelerometer ODR and power mode selection ODR_XL [3:0]



ODR [Hz] when



ODR [Hz] when



XL_HM_MODE = 1



XL_HM_MODE = 0



0000



Power Down



Power Down



0001



13 Hz (Low Power)



13 Hz (High Performance)



0010



26 Hz (Low Power)



26 Hz (High Performance)



0011



52 Hz (Low Power)



52 Hz (High Performance)



0100



104 Hz (Normal mode)



104 Hz (High Performance)



0101



208 Hz (Normal mode)



208 Hz (High Performance)



0110



416 Hz (High Performance)



416 Hz (High Performance)



0111



833 Hz (High Performance)



833 Hz (High Performance)



1000



1.66 kHz (High Performance)



1.66 kHz (High Performance)



1001



3.33 kHz (High Performance)



3.33 kHz (High Performance)



1010



6.66 kHz (High Performance)



6.66 kHz (High Performance)



The output data rate (ODR_G) bits of CTRL2_G register and the High-Performance disable (G_HM_MODE) bit of CTRL7_G register are used to select the power mode and output data rate of the gyroscope sensor (Table 4). DocID027415 Rev 1
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Table 4. Gyroscope ODR and power mode selection ODR_G [3:0]



ODR [Hz] when



ODR [Hz] when



G_HM_MODE = 1



G_HM_MODE = 0



0000



Power Down



Power Down



0001



13 Hz (Low Power)



13 Hz (High Performance)



0010



26 Hz (Low Power)



26 Hz (High Performance)



0011



52 Hz (Low Power)



52 Hz (High Performance)



0100



104 Hz (Normal mode)



104 Hz (High Performance)



0101



208 Hz (Normal mode)



208 Hz (High Performance)



0110



416 Hz (High Performance)



416 Hz (High Performance)



0111



833 Hz (High Performance)



833 Hz (High Performance)



1000



1.66 kHz (High Performance)



1.66 kHz (High Performance)



Table 5 shows the typical values of LSM6DS3 power consumption for the different operating modes. Table 5. Power consumption Accelerometer only



Gyroscope only



Combo [Acc + Gyro]



(at Vdd = 1.8 V)



(at Vdd = 1.8 V)



(at Vdd = 1.8 V)



-



-



6A



13 Hz (Low Power)



24 A



470 A



425 A



26 Hz (Low Power)



31 A



500 A



450 A



52 Hz (Low Power)



45 A



540 A



500 A



104 Hz (Normal mode)



70 A



625 A



600 A



208 Hz (Normal mode)



120 A



880 A



900 A



13 Hz (High Perf.)



240 A



1.15 mA



1.25 mA



26 Hz (High Perf.)



240 A



1.15 mA



1.25 mA



52 Hz (High Perf.)



240 A



1.15 mA



1.25 mA



104 Hz (High Perf.)



240 A



1.15 mA



1.25 mA



208 Hz (High Perf.)



240 A



1.15 mA



1.25 mA



416 Hz (High Perf.)



240 A



1.15 mA



1.25 mA



833 Hz (High Perf.)



240 A



1.15 mA



1.25 mA



1.66 kHz (High Perf.)



240 A



1.15 mA



1.25 mA



3.33 kHz (High Perf.)



325 A



N.A.



N.A.



6.66 kHz (High Perf.)



325 A



N.A.



N.A.



ODR [Hz] Power Down
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Operating modes



Power-Down mode When the accelerometer/gyroscope is in Power-Down mode, almost all internal blocks of the device are switched off to minimize power consumption. Digital interfaces (I2C and SPI) are still active to allow communication with the device. The content of the configuration registers is preserved and the output data registers are not updated, keeping the last data sampled in memory before going into Power-Down mode.



2.2



High-Performance mode In High-Performance mode, all accelerometer/gyroscope circuitry is always on and data are generated at the data rate selected through the ODR_XL/ODR_G bits. Data interrupt generation is active.



2.3



Normal mode While High-Performance mode guarantees the best performance in terms of noise, Normal mode further reduces the current consumption. The accelerometer/gyroscope data reading chain is automatically turned on and off to save power. In the gyroscope device, only the driving circuitry is always on. Data interrupt generation is active.



2.4



Low-Power mode Low-Power mode differs from Normal mode in the available output data rates. In Low-Power mode low-speed ODRs are enabled; three low-speed ODRs can be chosen through the ODR_XL/ODR_G bits: 13 Hz, 26 Hz and 52 Hz. Data interrupt generation is active.



2.5



Gyroscope Sleep mode While the gyroscope is in Sleep mode the circuitry that drives the oscillation of the gyroscope mass is kept active. Compared to gyroscope Power-Down, turn-on time from Sleep mode to Low-Power/Normal/High-Performance mode is drastically reduced. If the gyroscope is not configured in Power-Down mode, it enters in Sleep mode when the Sleep mode enable (SLEEP_G) bit of CTRL4_C register is set to 1, regardless of the selected gyroscope ODR.
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Accelerometer bandwidth The accelerometer sampling chain (Figure 1) is represented by a cascade of four blocks: an analog low-pass filter, an ADC converter, a digital low-pass filter and the composite group of digital filters described in Figure 2. Figure 1. Accelerometer sampling chain diagram $QDORJ $QWLDOLDVLQJ /3)LOWHU



'LJLWDO /3)LOWHU /3)



$'& %:B;/>@



&RPSRVLWH )LOWHU



2'5B;/>@



The analog signal coming from the mechanical parts is filtered by a low-pass anti-aliasing filter before being converted by the ADC. The anti-aliasing filter is enabled in HighPerformance mode only. If the XL_BW_SCAL_ODR bit in CTRL4_C register is set to 1, the bandwidth of this analog filter is determined by setting the BW_XL bits of CTRL1_XL register; relative filter cutoff frequency values are given in Table 6. If the XL_BW_SCAL_ODR bit is set to 0, the bandwidth of the analog filter is determined by the ODR_XL selection (Table 7). Table 6. Accelerometer anti-aliasing filter bandwidth selection (XL_BW_SCAL_ODR=1) BW_XL[1:0]



Bandwidth [Hz]



00



400



01



200



10



100



11



50



Table 7. Accelerometer anti-aliasing bandwidth options (High-Performance mode)



20/102



Accelerometer



Analog filter cutoff [Hz]



Analog filter cutoff [Hz]



ODR [Hz]



XL_BW_SCAL_ODR = 0



XL_BW_SCAL_ODR = 1



13 Hz (High Performance)



50



BW_XL[1:0]



26 Hz (High Performance)



50



BW_XL[1:0]



52 Hz (High Performance)



50



BW_XL[1:0]



104 Hz (High Performance)



50



BW_XL[1:0]



208 Hz (High Performance)



100



BW_XL[1:0]



416 Hz (High Performance)



200



BW_XL[1:0]



833 Hz (High Performance)



400



BW_XL[1:0]



1.66 kHz (High Performance)



400



BW_XL[1:0]



3.33 kHz (High Performance)



FILTER NOT USED



BW_XL[1:0]



6.66 kHz (High Performance)



FILTER NOT USED



BW_XL[1:0]
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Operating modes The digital signal is then filtered by a low-pass digital filter (LPF1) whose cutoff frequency depends on the selected accelerometer ODR, as shown in Table 8. Table 8. Accelerometer LPF1 cutoff frequency Accelerometer



LPF1 digital Filter



ODR [Hz]



cutoff frequency [Hz]



13 Hz (Low Power)



742



26 Hz (Low Power)



742



52 Hz (Low Power)



742



104 Hz (Normal mode)



742



208 Hz (Normal mode)



742



13 Hz (High Performance)



23



26 Hz (High Performance)



46



52 Hz (High Performance)



92



104 Hz (High Performance)



184



208 Hz (High Performance)



369



416 Hz (High Performance)



742



833 Hz (High Performance)



1517



1.66 kHz (High Performance)



3320



3.33 kHz (High Performance)



1517



6.66 kHz (High Performance)



3320



Finally, the digital signal is processed by the composite group of filters composed of a lowpass digital filter (LPF2), a high-pass digital filter and a slope filter. As shown in Figure 2, it is possible to independently apply these filters to the accelerometer output data (and to the FIFO data) and/or to the interrupt generators. The enable signal of these high-pass and low-pass digital filters is the logic “OR” of the SLOPE_FDS bit of the TAP_CFG register and the FUNC_EN bit of the CTRL10_C register. The SLOPE_FDS bit is also used to select the filter (high-pass or slope) used for the wakeup interrupt functionality. For this reason, if the wake-up functionality is implemented using the slope filter and also the LPF2 filter is required, the latter has to be enabled by setting the FUNC_EN bit to 1. In all other cases, to enable the high-pass and low-pass digital filters it’s recommended to set to 1 the SLOPE_FDS bit and set to 0 the FUNC_EN bit (if the embedded functions, such as the Android functions and the sensor hub, are not used).
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The bits LPF2_XL_EN, HP_SLOPE_XL_EN and HPCF_XL [1:0] of CTRL8_XL are used to select the filter applied to the accelerometer output data and to the FIFO data:  if both the LPF2_XL_EN bit and the HP_SLOPE_XL_EN bit are set to 0, no filter is applied;  if the LPF2_XL_EN bit is set to 1, the LP digital filter is applied, regardless of the HP_SLOPE_XL_EN bit configuration;  if the LPF2_XL_EN bit is set to 0 and the HP_SLOPE_XL_EN bit is set to 1, the applied filter depends on the configuration of the HPCF_XL [1:0] bits, as shown in Table 9. Table 9. Accelerometer slope and high-pass filter selection and cutoff frequency HP digital filter



HPCF_XL[1:0]



Applied filter



00



Slope



ODR_XL / 4



01



High-Pass



ODR_XL / 100



10



High-Pass



ODR_XL / 9



11



High-Pass



ODR_XL / 400



cutoff frequency [Hz]



The HPCF_XL [1:0] bits of CTRL8_XL are also used to select the cutoff frequency of the LPF2 filter, as shown in Table 10. This low-pass filter can also be used in the 6D/4D functionality by setting the LOW_PASS_ON_6D bit of CTRL8_XL register to 1.
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Table 10. Accelerometer LPF2 cutoff frequency LPF2 digital filter



HPCF_XL[1:0]



2.6.1



cutoff frequency [Hz]



00



ODR_XL / 50



01



ODR_XL / 100



10



ODR_XL / 9



11



ODR_XL / 400



Accelerometer slope filter As shown in Figure 2, the LSM6DS3 device embeds a digital slope filter which is used for activity/inactivity and single/double-tap features; it can also be used for wake-up detection when the SLOPE_FDS bit of the TAP_CFG register is set to 0. The slope filter output data is computed using the following formula: slope(tn) = [ acc(tn) - acc(tn-1) ] / 2 An example of a slope data signal is illustrated in Figure 3. Figure 3. Accelerometer slope filter
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Accelerometer turn-on/off time The accelerometer reading chain contains low-pass filtering to improve signal-to-noise performance and to reduce aliasing effects. For this reason it is needed to take into account the settling time of the filter when the accelerometer / gyroscope power mode is switched or when the accelerometer / gyroscope ODR is changed. The delay in order to switch accelerometer modes is shown in Table 11. No anti-aliasing filter is used in Low-Power mode and in Normal mode: in these cases no samples have to be discarded. The anti-aliasing filter is bypassed also when the XL_BW_SCAL_ODR bit of the CTRL4_C register is set to 0 and the accelerometer ODR is set to 3.33 kHz or 6.66 kHz: in these cases the number of samples to be discarded is equal to 2 and 4, respectively. Table 12 clarifies how many accelerometer samples have to be discarded in HighPerformance mode depending on the internal filter bandwidth and output data rate selection. Bandwidth value selection is described in Table 7. Setting the DRDY_MASK bit of the CTRL4_C register to 1, the accelerometer and gyroscope data-ready signals are masked until the settling of the sensor filters is completed: this feature allows automatically ignoring the samples to be discarded. Table 11. Accelerometer turn-on/off time Starting mode



Target mode



Max turn-on/off time



Power Down



Low Power / Normal



First sample correct



Power Down



High Performance



see Table 12



Low Power / Normal



High Performance



see Table 12



Low Power / Normal / High Performance



Power Down



1 μs



Table 12. Accelerometer number of samples to be discarded (High-Perf. mode) Accelerometer ODR [Hz]



24/102



BW = 400 Hz BW = 200 Hz BW = 100 Hz BW = 50 Hz



No filter



13 Hz (High Perf.)



1



1



1



1



1



26 Hz (High Perf.)



1



1



1



1



N.A.



52 Hz (High Perf.)



1



1



1



1



N.A.



104 Hz (High Perf.)



1



1



1



2



N.A.



208 Hz (High Perf.)



1



1



2



4



N.A.



416 Hz (High Perf.)



1



2



3



7



N.A.



833 Hz (High Perf.)



2



4



7



14



N.A.



1.66 kHz (High Perf.)



4



8



14



28



N.A.



3.33 kHz (High Perf.)



8



16



28



56



2



6.66 kHz (High Perf.)



16



32



56



112



4
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Gyroscope bandwidth The gyroscope sampling chain is represented by a cascade of four blocks: analog low-pass anti-aliasing filter, ADC converter, digital low-pass filter and a selectable high-pass filter (Figure 4). Figure 4. Gyroscope sampling chain diagram 'LJLWDO +3)LOWHU $QDORJ $QWLDOLDVLQJ /3)LOWHU
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The analog signal coming from the mechanical parts is filtered by a low-pass anti-aliasing filter (having a constant bandwidth) before being converted by the ADC. The digital signal is then filtered by a low-pass digital filter whose cutoff frequency depends on the selected gyroscope ODR: the cutoff values in Low-Power and Normal mode are shown in Table 13; the cutoff values related to High-Performance mode are indicated in Table 14. Table 13. Gyroscope digital low-pass filter cutoff in Low-Power / Normal mode Gyroscope ODR [Hz]



Cutoff [Hz]



13 Hz (Low Power)



3.9



26 Hz (Low Power)



7.9



52 Hz (Low Power)



15.8



104 Hz (Normal mode)



31.4



208 Hz (Normal mode)



60.2



Table 14. Gyroscope digital low-pass filter cutoff in High-Performance mode Gyroscope ODR [Hz]



Cutoff [Hz]



13 Hz (High Perf.)



4.2



26 Hz (High Perf.)



8.3



52 Hz (High Perf.)



16.6



104 Hz (High Perf.)



33.4



208 Hz (High Perf.)



66.7



416 Hz (High Perf.)



135.9



833 Hz (High Perf.)



295.4



1.66 kHz (High Perf.)



1057.0
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The LSM6DS3 gyroscope provides embedded high-pass filtering capability to easily delete the DC component of the measured angular rate. As shown in Figure 4, through the HP_G_EN bit of the CTRL7_G register, it is possible to apply the filter on the gyroscope output data and on FIFO stored data. The bandwidth of the high-pass filter depends on the settings of the HPCF_G[1:0] bits of the CTRL7_G register. The high-pass filter cutoff frequencies are shown in Table 15. Table 15. Gyroscope high-pass filter cutoff frequency [Hz] High-pass filter



HPCF_G1



HPCF_G0



0



0



0.0081



0



1



0.0324



1



0



2.07



1



1



16.32



cutoff frequency [Hz]



The High-Pass filter can be reset by setting the HP_G_RST bit of the CTRL7_G register to 1. The reset operation instantly deletes the DC component of the angular rate from the next generated X, Y, Z output value (Figure 5). After the filter resets, the HP_G_RST bit is automatically set back to 0. Figure 5. Gyroscope high-pass filter reset $QJXODUUDWH
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Interrupt generation The example code which implements the SW routine for the wake-up event recognition using the slope filter is given below. 1



Write 60h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 416 Hz, FS_XL = 2g



2



Write 00h into TAP_CFG



// Apply slope filter; latch mode disabled



3



Write 00h into WAKE_UP_DUR



// No duration



4



Write 02h into WAKE_UP_THS



// Set wake-up threshold



5



Write 20h into MD1_CFG



// Wake-up interrupt driven to INT1 pin



Since the duration time is set to zero, the wake-up interrupt signal is generated for each X,Y,Z slope data exceeding the configured threshold. The WK_THS field of the WAKE_UP_THS register is set to 000010b, therefore the wake-up threshold is 62.5 mg (= 2 * FS_XL / 26).



4.4



6D/4D orientation detection The LSM6DS3 device provides the capability to detect the orientation of the device in space, enabling easy implementation of energy-saving procedures and automatic image rotation for mobile devices.



4.4.1



6D orientation detection Six orientations of the device in space can be detected; the interrupt signal is asserted when the device switches from one orientation to another. The interrupt is not re-asserted as long as the position is maintained. 6D interrupt is generated when, for two consecutive samples, only one axis exceeds a selected threshold and the acceleration values measured from the other two axes are lower than the threshold: the ZH, ZL, YH, YL, XH, XL bits of the D6D_SRC (1Dh) register indicate which axis has triggered the 6D event. In more detail: Table 29. D6D_SRC register



 







b7



b6



b5



b4



b3



b2



b1



b0



0



D6D_IA



ZH



ZL



YH



YL



XH



XL



D6D_IA is set high when the device switches from one orientation to another. ZH (YH, XH) is set high when the face perpendicular to the Z(Y,X) axis is almost flat and the acceleration measured on the Z(Y,X) axis is positive and in the module bigger than the threshold. ZL (YL, XL) is set high when the face perpendicular to the Z(Y,X) axis is almost flat and the acceleration measured on the Z(Y,X) axis is negative and in the module bigger than the threshold.



The SIXD_THS[1:0] bits of the TAP_THS_6D register are used to select the threshold value used to detect the change in device orientation. The threshold values given in Table 30 are valid for each accelerometer full-scale value.
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Threshold value [degrees]



00



80



01



70



10



60



11



50



The low-pass filter LPF2 can also be used in 6D functionality by setting the LOW_PASS_ON_6D bit of the CTRL8_XL register to 1. The LPF2 filter has to be enabled as described in Section 2.6. This interrupt signal can be driven to the two interrupt pins by setting to 1 the INT1_6D bit of the MD1_CFG register or the INT2_6D bit of the MD2_CFG register; it can also be checked by reading the D6D_IA bit of the D6D_SRC register. If latch mode is disabled (LIR bit of TAP_CFG is set to 0), the interrupt signal is active only for 1/ODR_XL[s] then it is automatically deasserted (ODR_XL is the accelerometer output data rate). If latch mode is enabled and the 6D interrupt signal is driven to the interrupt pins, once an orientation change has occurred and the interrupt pin is asserted, a reading of the D6D_SRC register clears the request and the device is ready to recognize a different orientation. If the latch mode is enabled but the interrupt signal is not driven to the interrupt pins, the latch feature does not take effect. Referring to the six possible cases illustrated in Figure 13, the content of the D6D_SRC register for each position is shown in Table 31. Figure 13. 6D recognized orientations
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Interrupt generation Table 31. D6D_SRC register in 6D positions Case



D6D_IA



ZH



ZH



YH



YL



XH



XL



(a)



1



0



0



1



0



0



0



(b)



1



0



0



0



0



0



1



(c)



1



0



0



0



0



1



0



(d)



1



0



0



0



1



0



0



(e)



1



1



0



0



0



0



0



(f)



1



0



1



0



0



0



0



Hereafter an example which implements the SW routine for 6D orientation detection.



4.4.2



1



Write 60h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 416 Hz, FS_XL = 2g



2



Write 40h into TAP_THS_6D



// Set 6D threshold (SIXD_THS[1:0] = 10b = 60 degrees)



4



Write 10h into TAP_CFG



// Enable LPF2 filter



3



Write 01h into CTRL8_XL



// Apply LPF2 filter to 6D functionality



5



Write 04h into MD1_CFG



// 6D interrupt driven to INT1 pin



4D orientation detection The 4D direction function is a subset of the 6D function especially defined to be implemented in mobile devices for portrait and landscape computation. It can be enabled by setting the D4D_EN bit of the TAP_THS_6D register to 1. In this configuration, the Z-axis position detection is disabled, therefore reducing position recognition to cases (a), (b), (c), and (d) of Table 31.



4.5



Single-tap and double-tap recognition The single-tap and double-tap recognition functions featured in the LSM6DS3 help to create a man-machine interface with little software loading. The device can be configured to output an interrupt signal on a dedicated pin when tapped in any direction. If the sensor is exposed to a single input stimulus, it generates an interrupt request on the inertial interrupt pin INT1 and/or INT2. A more advanced feature allows the generation of an interrupt request when a double input stimulus with programmable time between the two events is recognized, enabling a mouse button-like function. In the LSM6DS3 device the single-tap and double-tap recognition functions use the slope between two consecutive acceleration samples to detect the tap events; the slope data is computed using the following formula: slope(tn) = [ acc(tn) - acc(tn-1) ] / 2 This function can be fully programmed by the user in terms of expected amplitude and timing of the slope data by means of a dedicated set of registers. Single and double-tap recognition work independently of the selected output data rate. Recommended accelerometer ODRs for these functions are 416 Hz and 833 Hz.
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Single tap If the device is configured for single-tap event detection, an interrupt is generated when the slope data on the selected channel exceed the programmed threshold, and return below it within the Shock time window. In the single-tap case, if the LIR bit of the TAP_CFG register is set to 0, the interrupt is kept high for the duration of the Quiet window. In order to enable the latch feature on the single-tap interrupt signal, both the LIR bit and the INT1_DOUBLE_TAP (or INT2_DOUBLE_TAP) bit of MD1_CFG (MD2_CFG) have to be set to 1: the interrupt is kept high until the TAP_SRC register is read. The SINGLE_DOUBLE_TAP bit of WAKE_UP_THS has to be set to 0 in order to enable single-tap recognition only. In case (a) of Figure 14 the single-tap event has been recognized, while in case (b) the tap has not been recognized because the slope data fall under the threshold after the Shock time window has expired. Figure 14. Single-tap event recognition 6ORSH 6+2&.
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Double tap If the device is configured for double-tap event detection, an interrupt is generated when, after a first tap, a second tap is recognized. The recognition of the second tap occurs only if the event satisfies the rules defined by the Shock, the Latency and the Duration time windows. In particular, after the first tap has been recognized, the second tap detection procedure is delayed for an interval defined by the Quiet time. This means that after the first tap has been recognized, the second tap detection procedure starts only if the slope data exceed the threshold after the Quiet window but before the Duration window has expired. In case (a) of Figure 15, a double-tap event has been correctly recognized, while in case (b) the interrupt has not been generated because the slope data exceed the threshold after the window interval has expired.
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Interrupt generation Once the second tap detection procedure is initiated, the second tap is recognized with the same rule as the first: the slope data must return below the threshold before the Shock window has expired. It is important to appropriately define the Quiet window to avoid unwanted taps due to spurious bouncing of the input signal. In the double-tap case, if the LIR bit of the TAP_CFG register is set to 0, the interrupt is kept high for the duration of the Quiet window. If the LIR bit is set to 1, the interrupt is kept high until the TAP_SRC register is read. Figure 15. Double-tap event recognition (LIR bit = 0)
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4.5.3



Single-tap and double-tap recognition configuration The LSM6DS3 device can be configured to output an interrupt signal when tapped (once or twice) in any direction: the TAP_X_EN, TAP_Y_EN and TAP_Z_EN bits of the TAP_CFG register must be set to 1 to enable the tap recognition on X, Y, Z directions, respectively. Configurable parameters for tap recognition functionality are the tap threshold and the Shock, Quiet and Duration time windows. The TAP_THS[4:0] bits of the TAP_THS_6D register are used to select the unsigned threshold value used to detect the tap event. The value of 1 LSB of these 5 bits depends on the selected accelerometer full scale: 1 LSB = (FS_XL)/(25). The unsigned threshold is applied to both positive and negative slope data. The Shock time window defines the maximum duration of the overthreshold event: the acceleration must return below the threshold before the Shock window has expired, otherwise the tap event is not detected. The SHOCK[1:0] bits of the INT_DUR2 register are
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used to set the Shock time window value: the default value of these bits is 00b and corresponds to 4*ODR_XL time, where ODR_XL is the accelerometer output data rate. If the SHOCK[1:0] bits are set to a different value, 1 LSB corresponds to 8*ODR_XL time. In the double-tap case, the Quiet time window defines the time after the first tap recognition in which there must not be any overthreshold. When the latch mode is disabled (LIR bit of TAP_CFG is set to 0), the Quiet time also defines the length of the interrupt pulse (in both single and double-tap case). The QUIET[1:0] bits of the INT_DUR2 register are used to set the Quiet time window value: the default value of these bits is 00b and corresponds to 2*ODR_XL time, where ODR_XL is the accelerometer output data rate. If the QUIET[1:0] bits are set to a different value, 1 LSB corresponds to 4*ODR_XL time. In the double-tap case, the Duration time window defines the maximum time between two consecutive detected taps. The Duration time period starts just after the completion of the Quiet time of the first tap.The DUR[3:0] bits of the INT_DUR2 register are used to set the Duration time window value: the default value of these bits is 0000b and corresponds to 16*ODR_XL time, where ODR_XL is the accelerometer output data rate. If the DUR[3:0] bits are set to a different value, 1 LSB corresponds to 32*ODR_XL time. Figure 16 illustrates a single-tap event (a) and a double-tap event (b). These interrupt signals can be driven to the two interrupt pins by setting to 1 the INT1_SINGLE_TAP bit of the MD1_CFG register or the INT2_SINGLE_TAP bit of the MD2_CFG register for the single-tap case, and setting to 1 the INT1_DOUBLE_TAP bit of the MD1_CFG register or the INT2_DOUBLE_TAP bit of the MD2_CFG register for the double-tap case. No single/double tap interrupt is generated if the accelerometer is in Inactivity status (see Section 4.6 for more details). Figure 16. Single and double-tap recognition (LIR bit = 0)
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Interrupt generation Tap interrupt signals can also be checked by reading the TAP_SRC (1Ch) register, described in Table 32. Table 32. TAP_SRC register



    



b7



b6



b5



b4



b3



b2



b1



b0



0



TAP_IA



SINGLE _TAP



DOUBLE _TAP



TAP_SIGN



X_TAP



Y_TAP



Z_TAP



TAP_IA is set high when a single-tap or double-tap event has been detected. SINGLE_TAP is set high when a single tap has been detected. DOUBLE_TAP is set high when a double tap has been detected. TAP_SIGN indicates the acceleration sign when the tap event is detected. It is set low in case of positive sign and it is set high in case of negative sign. X_TAP (Y_TAP, Z_TAP) is set high when the tap event has been detected on the X (Y, Z) axis



Single and double-tap recognition works independently. Setting the SINGLE_DOUBLE_TAP bit of WAKE_UP_THS to 0, only the single-tap recognition is enabled: double-tap recognition is disabled and cannot be detected. When the SINGLE_DOUBLE_TAP is set to 1, both single and double-tap recognition are enabled. If the latch mode is enabled and the interrupt signal is driven to the interrupt pins, the value assigned to SINGLE_DOUBLE_TAP also affects the behavior of the interrupt signal: when it is set to 0, the latch mode is applied to the single-tap interrupt signal; when it is set to 1, the latch mode is applied to the double-tap interrupt signal only. The latched interrupt signal is kept high until the TAP_SRC register is read. If the latch mode is enabled but the interrupt signal is not driven to the interrupt pins, the latch feature does not take effect.



4.5.4



Single-tap example Hereafter an example code which implements the SW routine for single-tap detection. 1



Write 60h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 416 Hz, FS_XL = 2g



2



Write 0Eh into TAP_CFG



// Enable tap detection on X, Y, Z axis



3



Write 09h into TAP_THS_6D



// Set tap threshold



4



Write 06h into INT_DUR2



// Set Quiet and Shock time windows



5



Write 00h into WAKE_UP_THS



// Only single tap enabled (SINGLE_DOUBLE_TAP = 0)



6



Write 40h into MD1_CFG



// Single tap interrupt driven to INT1 pin



In this example the TAP_THS fied of the TAP_THS_6D register is set to 01001b, therefore the tap threshold is 562.5 mg (= 9 * FS_XL / 25). The SHOCK field of the INT_DUR2 register is set to 10b: an interrupt is generated when the slope data exceeds the programmed threshold, and returns below it within 38.5 ms (= 2 * 8 / ODR_XL) corresponding to the Shock time window. The QUIET field of the INT_DUR2 register is set to 01b: since the latch mode is disabled, the interrupt is kept high for the duration of the Quiet window, therefore 9.6 ms (= 1 * 8 / ODR_XL.)
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Double-tap example The example code which implements the SW routine for single-tap detection is given below.



1



Write 60h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 416 Hz, FS_XL = 2g



2



Write 0Eh into TAP_CFG



// Enable tap detection on X, Y, Z axis



3



Write 0Ch into TAP_THS_6D



// Set tap threshold



4



Write 7Fh into INT_DUR2



// Set Duration, Quiet and Shock time windows



5



Write 80h into WAKE_UP_THS



// Single & Double tap enabled (SINGLE_DOUBLE_TAP = 1)



6



Write 08h into MD1_CFG



// Double tap interrupt driven to INT1 pin



In this example the TAP_THS field of the TAP_THS_6D register is set to 01100b, therefore the tap threshold is 750 mg (= 12 * FS_XL / 25). For interrupt generation, during the first and the second tap the slope data must return below the threshold before the Shock window has expired. THe SHOCK field of the INT_DUR2 register is set to 11b, therefore the Shock time is 57.7 ms (= 3 * 8 / ODR_XL). For interrupt generation, after the first tap recognition there must not be any slope data overthreshold during the Quiet time window. Furthermore, since the latch mode is disabled, the interrupt is kept high for the duration of the Quiet window. The QUIET field of the INT_DUR2 register is set to 11b, therefore the Quiet time is 28.8 ms (= 3 * 4/ ODR_XL). For the maximum time between two consecutive detected taps, the DUR field of the INT_DUR2 register is set to 0111b, therefore the Duration time is 538.5 ms (= 7 * 32 / ODR_XL).



4.6



Activity/Inactivity recognition The Activity/Inactivity recognition function allows reducing system power consumption and developing new smart applications. When the Activity/Inactivity recognition function is activated, the LSM6DS3 device is able to automatically decrease the accelerometer sampling rate to 13 Hz, increasing the accelerometer ODR and bandwidth as soon as the wake-up interrupt event has been detected. This feature is applied to the accelerometer sensor only, regardless of the selected gyroscope power mode and ODR. With this feature the system may be efficiently switched from low-power consumption to full performance and vice-versa depending on user-selectable acceleration events, thus ensuring power saving and flexibility. The Activity/Inactivity recognition function is enabled by setting to 1 the INACTIVITY bit of the WAKE_UP_THS register. The Activity/Inactivity recognition function uses the slope between two consecutive acceleration samples to detect the Activity/Inactivity event; the slope data is computed using the following formula: slope(tn) = [ acc(tn) - acc(tn-1) ] / 2
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Interrupt generation This function can be fully programmed by the user in terms of expected amplitude and timing of the slope data by means of a dedicated set of registers (Figure 17). The unsigned threshold value is defined using the WK_THS[5:0] bits of dedicated set of registers WAKE_UP_THS register; the value of 1 LSB of these 6 bits depends on the selected accelerometer full scale: 1 LSB = (FS_XL)/(26). The threshold is applied to both positive and negative slope data. When a certain number of consecutive X,Y,Z slope data is smaller than the configured threshold, the ODR_XL [3:0] bits of the CTRL1_XL register are bypassed (Inactivity) and the accelerometer is internally set to 13 Hz although the content of CTRL1_XL is left untouched. The duration of the Inactivity status to be recognized is defined by the SLEEP_DUR[3:0] bits of the WAKE_UP_DUR register: 1 LSB corresponds to 512*ODR_XL time, where ODR_XL is the accelerometer output data rate. When the Inactivity status is detected, the interrupt is set high for 1/ODR_XL[s] period then it is automatically deasserted. When a certain number of consecutive slope data on one axis become bigger than the threshold, the CTRL1_XL register settings are immediately restored (Activity). The duration of the Activity status to be recognized is defined by the WAKE_DUR[1:0] bits of the WAKE_UP_DUR register: 1 LSB corresponds to 1*ODR_XL time, where ODR_XL is the accelerometer output data rate. When the Activity status is detected, the interrupt is set high for 1/ODR_XL[s] period then it is automatically deasserted. Once the Activity/Inactivity detection function is enabled, the status can be driven to the two interrupt pins by setting to 1 the INT1_INACT_STATE bit of the MD1_CFG register or the INT1_INACT_STATE bit of the MD2_CFG register; it can also be checked by reading the SLEEP_STATE_IA bit of the WAKE_UP_SRC register. Figure 17. Activity/Inactivity recognition
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The code provided below is a basic routine for Activity/Inactivity detection implementation.



1



Write 50h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 208 Hz, FS_XL = 2g



2



Write 42h into WAKE_UP_DUR



// Set duration for Inactivity detection // Set duration for Activity detection



3



Write 42h into WAKE_UP_THS



// Set Activity/Inactivity threshold // Enable Activity/Inactivity detection



4



Write 80h into MD1_CFG



// Activity/Inactivity interrupt driven to INT1 pin



In this example the WK_THS field of the WAKE_UP_THS register is set to 000010b, therefore the Activity/Inactivity threshold is 62.5 mg (= 2 * FS_XL / 26). Before Inactivity detection, the X,Y,Z slope data must be smaller than the configured threshold for a period of time defined by the SLEEP_DUR field of the WAKE_UP_DUR register: this field is set to 0010b, corresponding to 4.92 s (= 2 * 512 / ODR_XL). After this period of time has elapsed, the accelerometer ODR is internally set to 13 Hz. The Activity status is detected and the CTRL1_XL register settings immediately restored if the slope data of (at least) one axis are bigger than the threshold for a period of time defined by the WAKE_DUR field of the WAKE_UP_DUR register: this field is set to 10b, corresponding to 9.62 ms (= 2 * 1 / ODR_XL).



4.7



Boot status After the device is powered up, the LSM6DS3 performs a 20 ms boot procedure to load the trimming parameters. After the boot is completed, both the accelerometer and the gyroscope are automatically configured in Power-Down mode. After power up, the trimming parameters can be re-loaded by setting to 1 the BOOT bit of the CTRL3_C register. No toggle of the device power lines is required and the content of the device control registers is not modified, so the device operating mode doesn’t change after boot. If the reset to the default value of the control registers is required, it can be performed by setting to 1 the SW_RESET bit of the CTRL3_C register. While the boot is running, the EV_BOOT bit of the STATUS_REG register is set high; at the end of the boot procedure, this bit is set low again. The boot status signal can also be driven to the INT1 interrupt pin by setting to 1 the INT1_BOOT bit of the INT1_CTRL register.
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5



Android embedded functions



Android embedded functions The LSM6DS3 device implements in hardware the sensor-related functions specified in Android L; specific IP blocks with negligible power consumption and high-level performance implement the following functions using only the accelerometer:  Pedometer functions (step detector and step counter);  Significant motion;  Tilt;  Time stamp. All these functions work at 26 Hz, so the accelerometer ODR must be set at 26 Hz or higher values.



5.1



Pedometer functions: step detector and step counter A specific IP block of the LSM6DS3 device is dedicated to pedometer functions: the step detector and the step counter. Pedometer functions work at 26 Hz, so the accelerometer ODR must be set at 26 Hz or higher values. In order to enable the pedometer functions it is necessary to set to 1 both the FUNC_EN bit of the CTRL10_C register and the PEDO_EN bit of the TAP_CFG register. The step detector functionality generates an interrupt every time a step is recognized. In case of interspersed step sessions, 7 consecutive steps have to be detected before the first interrupt generation (debounce functionality) in order to avoid false step detections. This interrupt signal can be driven to the INT1 interrupt pin by setting to 1 the INT1_STEP_DETECTOR bit of the INT1_CTRL register; it can also be checked by reading the STEP_DETECTED bit of the FUNC_SRC register. Instead of generating an interrupt every time a step is recognized, it is possible to generate it if at least one step is detected within a certain time period. This time period is defined by setting a value higher than 00h in the STEP_COUNT_DELTA register. It is necessary to set the TIMER_EN bit of the TAP_CFG register to 1 (to enable the timer) and the TIMER_HR bit of the WAKE_UP_DUR register to 0 when using this feature: in this case, 1 LSB of the value of the STEP_COUNT_DELTA register corresponds to 1.6384 seconds. This interrupt signal can be driven to the INT2 interrupt pin by setting to 1 the INT2_STEP_DELTA bit of the INT2_CTRL register; it can also be checked by reading the STEP_COUNT_DELTA_IA bit of the FUNC_SRC register. The step counter indicates the number of steps detected by the step detector algorithm after the pedometer function has been enabled. The step count is given by the concatenation of the STEP_COUNTER_H and STEP_COUNTER_L registers and it is represented as a 16bit unsigned number. The step count is not reset to zero when the accelerometer is configured in Power-Down or the pedometer is disabled; it can be reset to zero by setting the PEDO_RST_STEP bit of the CTRL10_C register to 1. After the counter resets, the PEDO_RST_STEP bit is not automatically set back to 0.
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The Step Counter overflow signal can be driven to the INT2 interrupt pin by setting to 1 the INT2_STEP_COUNT_OV bit of the INT2_CTRL register: in this case, when the step count reaches the 216 value, an interrupt signal is generated on the INT2 pin and the step count has to be reset to zero by setting to 1 the PEDO_RST_STEP bit. If latch mode is disabled (LIR bit of TAP_CFG is set to 0), the interrupt signal generated by the pedometer functions is pulsed: the duration of the pulse observed on the interrupt pins is about 60 s; the duration of the pulse observed on the bits STEP_COUNT_DELTA_IA, STEP_DETECTED_IA and STEP_OVERFLOW of the FUNC_SRC register is 1/26 Hz. If latch mode is enabled (LIR bit of TAP_CFG is set to 1) and the interrupt signal is driven to the interrupt pins, once a step has occurred, a reading of the FUNC_SRC register clears the request on both the pins and the STEP_COUNT_DELTA_IA, STEP_DETECTED_IA and STEP_OVERFLOW bits of the FUNC_SRC register, and the device is ready to recognize the next step. If latch mode is enabled but the interrupt signal is not driven to the interrupt pins, the interrupt signal observed on the bits of the FUNC_SRC register is pulsed, with a fixed duration of 1/26 Hz. Step counter time stamp information is available in the STEP_TIMESTAMP_H and STEP_TIMESTAMP_L registers: when a step is detected, the value of the TIMESTAMP_REG2 register is copied in STEP_TIMESTAMP_H, and the value of the TIMESTAMP_REG1 register is copied in STEP_TIMESTAMP_L, providing the time stamp information of this step. For more details about LSM6DS3 time stamp counter and TIMESTAMP_REG2/TIMESTAMP_REG1, see Section 5.4. The step counter time stamp resolution depends on the value of the TIMER_HR bit of the WAKE_UP_DUR register: when this bit is set to 0, 1 LSB of the time step count corresponds to 1638.4 ms; when this bit is set to 1, 1 LSB of the time step count corresponds to 6.4 ms. Step counter data can be stored in FIFO as a fourth data set along with time stamp data (see Section 8.9 for more details). Hereafter a basic SW routine which shows how to enable the pedometer functions:



1



Write 20h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 26 Hz, FS_XL = 2g



2



Write 3Ch into CTRL10_C



// Enable embedded functions



3



Write 40h into TAP_CFG



// Enable pedometer algorithm



4



Write 80h into INT1_CTRL



// Step Detector interrupt driven to INT1 pin



The interrupt signal is generated when a step is recognized and the step count is available by reading the STEP_COUNTER_H / STEP_COUNTER_L registers.



5.2



Significant motion The Significant Motion function generates an interrupt when a ‘significant motion’, that could be due to a change in user location, is detected: in the LSM6DS3 device this function has been implemented in hardware using only the accelerometer. Significant Motion functionality can be used in location-based applications in order to receive a notification indicating when the user is changing location.
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Android embedded functions In order to enable Significant Motion detection it is necessary to set to 1 both the FUNC_EN bit and the SIGN_MOTION_EN bit of the CTRL10_C register. The Significant Motion interrupt signal can be driven to the INT1 interrupt pin by setting to 1 the INT1_SIGN_MOTION bit of the INT1_CTRL register; it can also be checked by reading the SIGN_MOTION_IA bit of the FUNC_SRC register. If latch mode is disabled (LIR bit of TAP_CFG is set to 0), the interrupt signal generated by the Significant Motion function is pulsed: the duration of the pulse observed on the interrupt pins is about 60 s; the duration of the pulse observed on the SIGN_MOTION_IA bit of the FUNC_SRC register is 1/26 Hz. If latch mode is enabled (LIR bit of TAP_CFG is set to 1) and the interrupt signal is driven to the interrupt pins, once a ‘significant motion’ is detected, a reading of the FUNC_SRC register clears the request on both the pins and the SIGN_MOTION_IA bit of the FUNC_SRC register, and the device is ready to recognize the next event. If latch mode is enabled but the interrupt signal is not driven to the interrupt pins, the interrupt signal observed on the SIGN_MOTION_IA bit of the FUNC_SRC register is pulsed, with a fixed duration of 1/26 Hz. The embedded function register (accessible by setting to 1 the FUNC_CFG_EN bit of FUNC_CFG_ACCESS) used to configure the Significant Motion threshold parameter is the SM_THS register. The SM_THS_[7:0] bits of this register define the threshold value: it corresponds to the number of steps to be performed by the user upon a change of location before the Significant Motion interrupt is generated. It is expressed as an 8-bit unsigned value: the default value of this field is equal to 6 (= 00000110b). The Significant Motion function works at 26 Hz, so the accelerometer ODR must be set at 26 Hz or higher values. Hereafter a basic SW routine which shows how to enable the tilt detection function:



1



Write 80h into FUNC_CFG_ADDRESS



// Enable access to embedded functions registers



2



Write 08h into SM_THS



// Set Significant Motion threshold



3



Write 00h into FUNC_CFG_ADDRESS



// Disable access to embedded functions registers



4



Write 20h into CTRL1_XL



// Turn-on the accelerometer // ODR_XL = 26 Hz, FS_XL = 2g



5



Write 3Dh into CTRL10_C



// Enable embedded functions // Enable Significant Motion detection



6



Write 40h into INT1_CTRL



// Significant motion interrupt driven to INT1 pin



In this example the SM_THS_[7:0] bits of the SM_THS register are set to 00001000b, therefore the Significant Motion threshold is equal to 8.



5.3



Tilt The Tilt function allows detecting when an activity change occurs (e.g. when phone is in a front pocket and the user goes from sitting to standing or standing to sitting): in the LSM6DS3 device it has been implemented in hardware using only the accelerometer. In order to enable the tilt detector it is necessary to set to 1 both the FUNC_EN bit of the CTRL10_C register and the TILT_EN bit of the TAP_CFG register. DocID027415 Rev 1
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If the device is configured for tilt event detection, an interrupt is generated when the device is tilted by an angle greater than 35 degrees from the start position. The start position is defined as the position of the device when the tilt detection is enabled or the position of the device when the last Tilt interrupt was generated. After this function is enabled, for the generation of the first Tilt interrupt the device should be continuously tilted by an angle greater than 35 degrees since start position for a period of time of 2 seconds. After the first Tilt interrupt is generated, the Tilt interrupt signal is set high as soon as the device is tilted by an angle greater than 35 degrees from the position of the device corresponding to the last interrupt detection (no need to wait 2 seconds). This interrupt signal can be driven to the two interrupt pins by setting to 1 the INT1_TILT bit of the MD1_CFG register or the INT2_TILT bit of the MD2_CFG register; it can also be checked by reading the TILT_IA bit of the FUNC_SRC register. If latch mode is disabled (LIR bit of TAP_CFG is set to 0), the interrupt signal generated by the Tilt function is pulsed: the duration of the pulse observed on the interrupt pins is about 60 s; the duration of the pulse observed on the TILT_IA bit of FUNC_SRC register is 1/26 Hz. If latch mode is enabled (LIR bit of TAP_CFG is set to 1) and the interrupt signal is driven to the interrupt pins, once a tilt is detected, a reading of the FUNC_SRC register clears the request on both the pins and the TILT_IA bit of FUNC_SRC register, and the device is ready to recognize the next tilt event. If latch mode is enabled but the interrupt signal is not driven to the interrupt pins, the interrupt signal observed on the TILT_IA bit of the FUNC_SRC register is pulsed, with a fixed duration of 1/26 Hz. The tilt function works at 26 Hz, so the accelerometer ODR must be set at 26 Hz or higher values. Hereafter a basic SW routine which shows how to enable the tilt detection function:



5.4



1



Write 20h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 26 Hz, FS_XL = 2g



2



Write 3Ch into CTRL10_C



// Enable embedded functions



3



Write 20h into TAP_CFG



// Enable tilt detection



4



Write 02h into MD1_CFG



// Tilt detector interrupt driven to INT1 pin



Time stamp Together with sensor data the LSM6DS3 device can provide time stamp information. If both the accelerometer and the gyroscope are in Power-Down mode, the time stamp counter doesn’t work. To enable this functionality the TIMER_EN bit of the TAP_CFG register has to be set to 1: the time step count is given by the concatenation of the TIMESTAMP_REG2 & TIMESTAMP_REG1 & TIMESTAMP_REG0 registers and is represented as a 24-bit unsigned number. The time stamp resolution can be configured using the TIMER_HR bit of the WAKE_UP_DUR register: when this bit is set to 0, 1 LSB of time step count corresponds to 6.4 ms; when this bit is set to 1, 1 LSB of time step count corresponds to 25 s.
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Android embedded functions When the maximum value 16777215 LSB (corresponding to FFFFFFh) is reached and low resolution (TIMER_HR = 0) is used, the counter is automatically reset to 000000h and continues to count. When the maximum value is reached and high resolution (TIMER_HR = 1) is used, the counter is not automatically reset to 0 and freezes at FFFFFFh. In any case, the timer count can be reset to zero at any time by writing the reset value AAh in the TIMESTAMP_REG2 register. An interrupt signal is generated when the timer step count reaches the value of 16776960 LSB (corresponding to FFFF00h). This interrupt signal can be driven to the INT1 pin by setting to 1 the INT1_TIMER bit of the MD1_CFG register. Once the interrupt pin is asserted, it must be reset to zero by writing AAh in the TIMESTAMP_REG2 register. The time stamp count can be stored in FIFO as a fourth data set along with the step counter data (see Section 8.9 for details). A basic SW routine to enable the time stamp counter is shown below.



1



Write 50h into CTRL1_XL



// Turn on the accelerometer // ODR_XL = 208 Hz, FS_XL = 2g



2



Write 80h into TAP_CFG



// Enable time stamp count



3



Write 10h into WAKE_UP_DUR



// Time stamp resolution = 25us



4



Write 01h into MD1_CFG



// End counter interrupt driven to INT1 pin
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Mode 2 - sensor hub mode The hardware flexibility of the LSM6DS3 allow connecting the pins with different mode connections to external sensors to expand functionalities such as adding a sensor hub and an auxiliary SPI. Three different mode connections are available:  Mode 1 - Slave-only mode: I2C/SPI(3- and 4-wire) slave interface is available;  Mode 2 - Sensor Hub mode: I2C/SPI(3- and 4-wire) slave interface and I2C master interface for the connection of external sensors are available;  Mode 3 - Auxiliary SPI mode: I2C slave interface and auxiliary SPI (3-wire) interface for external device connection (i.e. EIS application) are available (see Chapter 7). The pin connections and function for each mode are described in the LSM6DS3 datasheet; Mode 2 connection mode is described in detail in the following paragraphs.



6.1



Sensor hub mode description In sensor hub mode (Mode 2) up to 4 external sensors can be connected to the I2C master interface of LSM6DS3 device. External sensor data can also be stored in FIFO with a configurable decimation factor (see Chapter 8 for details). If both the accelerometer and the gyroscope are in Power-Down mode, the sensor hub doesn’t work. All external sensors have to be connected in parallel to the SDx/SCx pins of the device, as illustrated in Figure 18 for a single external sensor. External pull-up resistors and the external trigger signal connection are optional and depend on the configuration of the registers. Figure 18. External sensor connections in Mode 2 ([WHUQDOSXOOXSLVRSWLRQDO
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6.2



Mode 2 - sensor hub mode



Sensor hub mode registers In order to enable the embedded functionalities of registers LSM6DS3, the FUNC_EN bit of the CTRL10_C register has to be set to 1; after enabling the sensor hub functionality, the MASTER_CONFIG register has to be used for the configuration of the I2C master interface. A set of registers SLVx_ADD, SLVx_SUBADD, SLAVEx_CONFIG is dedicated to the configuration of the 4 slave interfaces associated to the 4 connectable external sensors. An additional register, DATAWRITE_SRC_MODE_SUB_SLV0, is associated to slave #0 only: it can be used to implement the writing and the source mode conditioned reading of the registers of the external sensor associated to slave #0. Finally, 18 registers (from SENSORHUB1_REG to SENSORHUB18_REG) are available to store the data read from the external sensors.



6.2.1



CTRL10_C (19h) Table 33. CTRL10_C register







6.2.2
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FUNC_EN
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FUNC_EN must be set to 1 in order to enable the embedded functionalities of the LSM6DS3 (pedometer, tilt, significant motion, ironing).



MASTER_CONFIG (1Ah) This register is used to configure the I2C master interface. Table 34. MASTER_CONFIG register b7
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DRDY_ON_INT1 bit has to be set to 1 to drive on the INT1 pin the I2C master DataReady signal (corresponding to the behavior of the SENSORHUB_END_OP bit of FUNC_SRC register). The I2C master Data-Ready signal indicates when the sensor hub routine is complete and the external sensor data are available to be read on the SENSORHUBx_REG registers (depending on the configuration of the SLVx_ADD, SLVx_SUBADD, SLAVEx_CONFIG registers). START_CONFIG bit selects the sensor hub trigger signal. – When this bit is set to 0, the accelerometer sensor has to be active (not in Power Down mode) and the sensor hub trigger signal is the accelerometer data-ready signal, with a frequency corresponding to the accelerometer ODR up to 100 Hz. – When this bit is set to 1, at least one sensor between the accelerometer and the gyroscope has to be active and the sensor hub trigger signal is the INT2 pin; in fact, when both the MASTER_ON bit and START_CONFIG bit are set to 1, the INT2 pin is configured as an input signal. In this case, the INT2 pin has to be
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connected to the Data-Ready pin of the external sensor (Figure 18) in order to trigger the reading/writing operations on the external sensor registers. PULL_UP_EN bit enables/disables the internal pull-up on the auxiliary I2C line. When this bit is set to 0, the internal pull-up is disabled and the external pull-up resistors on the SDx/SCx pins are required, as shown in Figure 18. When this bit is set to 1, the internal pull-up is enabled and the external pull-up resistors on the SDx/SCx pins are not required. PASS_THROUGH_MODE bit is used to enable/disable the I2C interface pass-through. When this bit is set to 1, the main I2C line (e.g. connected to an external microcontroller) is short-circuited with the auxiliary one, in order to implement a direct access to the external sensor registers. It is recommended to use this feature when configuring the external sensors. MASTER_ON bit has to be set to 1 to enable the auxiliary I2C master of the LSM6DS3 device (sensor hub mode).



FUNC_SRC (53h) Table 35. FUNC_SRC register
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SENSORHUB_END_OP bit is set high when the sensor hub routine is completed and the external sensor data are available to be read from the SENSORHUBx_REG registers (depending on the configuration of the SLVx_ADD, SLVx_SUBADD, SLAVEx_CONFIG registers). This signal can be driven to the INT1 interrupt pin by setting to 1 the DRDY_ON_INT1 bit of the MASTER_CONFIG register. The SENSORHUB_END_OP bit is cleared by reading the FUNC_SRC register.



SLV0_ADD (02h), SLV0_SUBADD (03h), SLAVE0_CONFIG (04h) The embedded function registers (accessible when the FUNC_CFG_EN bit of the FUNC_CFG_ACCESS register is set to 1) used to configure the I2C slave interface associated to the first external sensor are described hereafter. Table 36. SLV0_ADD register
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Slave0_add[6:0] bits are used to indicate the I2C slave address of the first external sensor. rw_0 bit configures the read/write operation to be performed on the first external sensor (0: write operation; 1: read operation). The read/write operation is executed when the next sensor hub trigger event occurs.
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Table 37. SLV0_SUBADD register
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Slave0_reg[7:0] bits are used to indicate the address of the register of the first external sensor to be written (if the rw_0 bit of the SLV0_ADD register is set to 0) or the address of the first register to be read (if the rw_0 bit of the SLV0_ADD register is set to 1). Table 38. SLAVE0_CONFIG register
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Slave0_rate[1:0] bits are used to define the decimation factor applied to read operations on the first external sensor starting from the sensor hub trigger: – 00: no decimation – 01: update every 2 sensor hub trigger events – 10: update every 4 sensor hub trigger events – 11: update every 8 sensor hub trigger events Aux_sens_on[1:0] bits have to be used to indicate the number of external sensors to be managed by the sensor hub: – 00: one external sensor – 01: two external sensors – 10: three external sensors – 11: four external sensors Src_mode bit enables/disabled Source Mode conditioned reading. When this bit is set to 1, Source Mode conditioned reading is enabled; before proceeding with the reading of the register address indicated in the SLV0_SUBADD register, the content of the register at the address specified in DATAWRITE_SRC_MODE_SUB_SLV0 is checked: if the content is non-zero the operation continues, else the reading operation is interrupted. Source Mode conditioned reading is available on slave 0 only. Slave0_numop[2:0] bits are dedicated to define the number of consecutive read operations to be performed on the first external sensor starting from the register address indicated in the SLV0_SUBADD register.
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SLV1_ADD (05h), SLV1_SUBADD (06h), SLAVE1_CONFIG (07h) The embedded function registers (accessible when the FUNC_CFG_EN bit of the FUNC_CFG_ACCESS register is set to 1) used to configure the I2C slave interface associated to the second external sensor are described hereafter. Table 39. SLV1_ADD register
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Slave1_add[6:0] bits are used to indicate the I2C slave address of the second external sensor. r_1 bit enables/disables the read operation to be performed on the second external sensor (0: read operation disabled; 1: read operation enabled). The read operation is executed when the next sensor hub trigger event occurs. Table 40. SLV1_SUBADD register
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Slave1_reg[7:0] bits are used to indicate the address of the register of the second external sensor to be read when the r_1 bit of SLV1_ADD register is set to 1. Table 41. SLAVE1_CONFIG register
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Slave1_rate[1:0] bits are used to define the decimation factor applied to read operations on the second external sensor starting from the sensor hub trigger: – 00: no decimation – 01: update every 2 sensor hub trigger events – 10: update every 4 sensor hub trigger events – 11: update every 8 sensor hub trigger events Slave1_numop[2:0] bits are dedicated to define the number of consecutive read operations to be performed on the second external sensor starting from the register address indicated in SLV1_SUBADD register.
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SLV2_ADD (08h), SLV2_SUBADD (09h), SLAVE2_CONFIG (0Ah) The embedded function registers (accessible when the FUNC_CFG_EN bit of the FUNC_CFG_ACCESS register is set to 1) used to configure the I2C slave interface associated to the third external sensor are described hereafter. Table 42. SLV2_ADD register
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Slave2_add[6:0] bits are used to indicate the I2C slave address of the third external sensor. r_2 bit enables/disables the read operation to be performed on the third external sensor (0: read operation disabled; 1: read operation enabled). The read operation is executed when the next sensor hub trigger event occurs. Table 43. SLV2_SUBADD register
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Slave2_reg[7:0] bits are used to indicate the address of the register of the third external sensor to be read when the r_2 bit of SLV2_ADD register is set to 1. Table 44. SLAVE2_CONFIG register
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Slave2_rate[1:0] bits are used to define the decimation factor applied to read operations on the third external sensor starting from the sensor hub trigger: – 00: no decimation – 01: update every 2 sensor hub trigger events – 10: update every 4 sensor hub trigger events – 11: update every 8 sensor hub trigger events Slave2_numop[2:0] bits are dedicated to define the number of consecutive read operations to be performed on the third external sensor starting from the register address indicated in the SLV2_SUBADD register.
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SLV3_ADD (0Bh), SLV3_SUBADD (0Ch), SLAVE3_CONFIG (0Dh) The embedded function registers (accessible when the FUNC_CFG_EN bit of FUNC_CFG_ACCESS register is set to 1) used to configure the I2C slave interface associated to the fourth external sensor are described hereafter. Table 45. SLV3_ADD register



 



b7



b6



b5



b4



b3



b2



b1



b0



Slave3 _add6



Slave3 _add5



Slave3 _add4



Slave3 _add3



Slave3 _add2



Slave3 _add1



Slave3 _add0



r_3



Slave3_add[6:0] bits are used to indicate the I2C slave address of the fourth external sensor. r_3 bit enables/disables the read operation to be performed on the fourth external sensor (0: read operation disabled; 1: read operation enabled). The read operation is executed when the next sensor hub trigger event occurs. Table 46. SLV3_SUBADD register
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Slave3_reg[7:0] bits are used to indicate the address of the register of the fourth external sensor to be read when the r_3 bit of the SLV3_ADD register is set to 1. Table 47. SLAVE3_CONFIG register
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Slave3_rate[1:0] bits are used to define the decimation factor applied to read operations on the fourth external sensor starting from the sensor hub trigger: – 00: no decimation – 01: update every 2 sensor hub trigger events – 10: update every 4 sensor hub trigger events – 11: update every 8 sensor hub trigger events Slave3_numop[2:0] bits are dedicated to define the number of consecutive read operations to be performed on the fourth external sensor starting from the register address indicated in the SLV3_SUBADD register.
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DATAWRITE_SRC_MODE_SUB_SLV0 (0Eh) Table 48. DATAWRITE_SRC_MODE_SUB_SLV0 register
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Slave_dataw[7:0] bits are dedicated, when the rw_0 bit of SLV0_ADD register is set to 0 (write operation), to indicate the data to be written to the first external sensor at the address specified in the SLV0_SUBADD register. During read operations (rw_0 = 1), this register is used if the Source Mode conditioned reading is enabled (Src_mode bit = 1 in the SLAVE0_CONFIG register) and it indicates the address of the external sensor register to be checked before proceeding with the reading operation.



SENSORHUBx_REG registers Once the auxiliary I2C master is enabled, for each of the external sensors it reads a number of registers equal to the value of the Slavex_numop (x = 0, 1, 2, 3) field, starting from the register address specified in SLVx_SUBADD (x = 0, 1, 2, 3) register. The number of external sensors to be managed is specified in the Aux_sens_on bits of the SLAVE0_CONFIG register. Read data are consecutively stored (in the same order they are read) in the LSM6DS3 registers starting from the SENSORHUB1_REG register, as in the example in Figure 19; 18 registers, from SENSORHUB1_REG to SENSORHUB18_REG, are available to store the data read from the external sensors. The values of the registers from SENSORHUB1_REG to SENSORHUB6_REG can be saved in the FIFO buffer as a third data set; the values of the registers from SENSORHUB7_REG to SENSORHUB12_REG can be saved in the FIFO buffer as a fourth data set (see Chapter 8 for details). Figure 19. SENSORHUBx_REG allocation example



6HQVRU



6HQVRU



6HQVRU



6HQVRU



6/9B68%$''K  K 6/$9(B&21),*K ± 6ODYHBQXPRS>@ 



6/9B68%$''K  K 6/$9(B&21),*K ± 6ODYHBQXPRS>@ 



6/9B68%$''K  K 6/$9(B&21),*$K ± 6ODYHBQXPRS>@ 



6/9B68%$''&K  K 6/$9(B&21),*'K ± 6ODYHBQXPRS>@ 



DocID027415 Rev 1



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ $K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(*



9DOXHRIUHJ K



6(1625+8%B5(* 6(1625+8%B5(* 6(1625+8%B5(*



9DOXHRIUHJ K 9DOXHRIUHJ K 9DOXHRIUHJ K



6HQVRU



6HQVRU



6HQVRU



6HQVRU



63/102 102



Mode 2 - sensor hub mode



6.3



AN4650



Sensor hub mode example The configuration of the external sensors should be performed using the pass-through feature: this feature can be enabled by setting the PASS_THROUGH_MODE bit of the MASTER_CONFIG register to 1 and implements a direct access to the external sensor registers, allowing quick configuration. The code provided below gives a basic routine to configure the LSM6DS3 in sensor hub mode. Furthermore, this sequence configures the LIS3MDL external magnetometer sensor (refer to the datasheet for additional details) in continuous-conversion mode and reads the magnetometer output registers, saving their values in the SENSORHUB1_REG to SENSORHUB6_REG registers. The pass-through feature is not used in this example.
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1



Write 80h into FUNC_CFG_ADDRESS



// Enable access to embedded functions registers



2



Write 38h into SLV0_ADD



// LIS3MDL slave address = 0011100b (if SDO=0) // Enable write operation (rw_0=0)



3



Write 22h into SLV0_SUBADD



// 22h is the LIS3MDL register to be written



4



Write 00h into DATAWRITE_SRC_MODE_SUB_SLV0



// 00h is the value to be written in register 22h of // LIS3MDL to configure it in continuous // conversion mode



5



Write 00h into FUNC_CFG_ADDRESS



// Disable access to embedded functions registers



6



Write 3Ch into CTRL10_C



// Enable embedded functions



7



Write 09h into MASTER_CONFIG



// Enable internal pull-up on SDx/SCx lines // Sensor hub trigger signal is XL Data Ready // Enable auxiliary I2C master



8



Write 80h into CTRL1_XL



// Turn-on the accelerometer (for trigger signal)



9



Write 38h into CTRL10_C



// Disable embedded functions



10 Write 00h into MASTER_CONFIG



// Disable auxiliary I2C master



11 Write 00h into CTRL1_XL



// Turn-off the accelerometer



12 Write 80h into FUNC_CFG_ADDRESS



// Enable access to embedded functions registers



13 Write 39h into SLV0_ADD



// LIS3MDL slave address = 0011100b (if SDO=0) // Enable read operation (rw_0=1)



14 Write 28h into SLV0_SUBADD



// 28h is the first LIS3MDL output register to be // read



15 Write 06h into SLAVE0_CONFIG



// No decimation // 1 external sensor connected // Number of registers to read = 6



16 Write 00h into FUNC_CFG_ADDRESS



// Disable access to embedded functions registers



17 Write 3Ch into CTRL10_C



// Enable embedded functions



18 Write 09h into MASTER_CONFIG



// Enable internal pull-up on SDx/SCx lines // Sensor hub trigger signal is XL Data Ready // Enable auxiliary I2C master



19 Write 80h into CTRL1_XL



// Turn on the accelerometer (for trigger signal)
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Magnetometer hard-iron / soft-iron correction The LSM6DS3 device supports the data acquisition of an external magnetometer with softiron and hard-iron correction features. For this purpose, it is required to set the MASTER_ON bit of the MASTER_CONFIG register to 1 to enable the sensor hub mode, to associate the external magnetometer to slave 0 registers (SLV0_ADD, SLV0_SUBADD and SLAVE0_CONFIG) and to set the Slave0_numop field of SLAVE0_CONFIG to 6. The FUNC_EN bit of CTRL10_C register has to be set to 1 in order to enable the embedded ironing functionalities. Then, distortion correction algorithms can be enabled as described in Table 49: the IRON_EN bit of MASTER_CONFIG and the SOFT_EN bit of CTRL9_XL are used to enable hard-iron correction only or both hard-iron and soft-iron corrections. In the latter case, both calibrated (hard-iron & soft-iron) and uncalibrated (soft-iron only) magnetometer data are available. Table 49. Ironing configuration



6.4.1
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MASTER_CONFIG



Ironing



SOFT bit



IRON_EN bit



configuration



0



0



No correction applied



0



1



Hard-iron only



1



1



Hard-iron + soft-iron corrections



Hard-iron correction Hard-iron distortion is normally generated by ferromagnetic material with permanent magnetic fields that are part of the object (e.g. a tablet) in use; these materials could be permanent magnets or magnetized iron or steel. They are time invariant and deform the local geomagnetic field with different offset on different directions. Generally, if the user performs many 3D rotations of the object in an ideal environment (no hard-iron/soft-iron distortion) and plots the collected magnetic sensor raw data, the result will be a perfect sphere with no offset. The hard-iron distortion effect is to offset the sphere along the x, y and z axes; in the x-y plane, the hard-iron distortion is identified by an offset of the origin of the ideal circle from (0, 0), as shown in Figure 20. Figure 20. Hard-iron effect (X-Y 2D scatter plot)
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