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Basic Description

The BMI323 is a highly integrated, low power inertial measurement unit (IMU) that combines precise acceleration and
angular rate (gyroscopic) measurement with intelligent on-chip motion-triggered interrupt features. The BMI323 inte-
grates

a 16 bit digital, triaxial accelerometer with range configurable to +2g, +4g, +8g, +16¢g
a 16 bit digital, triaxial gyroscope with range configurable to +£125°/s, +250°/s , +500°/s , =1000 /s and +2000 /s
a 16 bit digital temperature sensor for an operating temperature range —40 °C ... +85 °C

Key Features

Compact standard size 2.5 x 3mm? LGA overmold package, 14 pins, height 0.83 mm
Primary digital interface with 10 MHz SPI slave (4-wire, 3-wire), 12.5 MHz I13C and up to 1 MHz I2C (Fm+)
Sample rates (ODR): 0.78125Hz ... 6.4 kHz (nominal)
Programmable low-pass filtering
Wide power supply range: analog VDD 1.71V ... 3.63 Vand VDDIO 1.08 V ... 3.63 V, both independent
Ultra low current consumption: typ. 790 pA (in full ODR and aliasing free operation)
Built-in power management unit (PMU) for advanced power management and low power modes
Rapid startup time: 2.5 ms for accelerometer and gyroscope (fast start mode)
< 1ms group delay
2 KB on-chip FIFO data buffer for accelerometer, gyroscope, temperature, and sensor timestamps
Fast offset error compensation for accelerometer and gyroscope
Gyroscope: fast sensitivity error compensation for the gyroscope (max. sensitivity error < 1)
Hardware synchronization of accelerometer, gyroscope and temperature (< 1 ps)
Sensor time stamps for accurate system (host) and sensor (IMU) time synchronization (< 40 us)
Two independent programmable /O pins for interrupt and synchronization events
On-chip interrupt engine and integrated smart features for always-on applications (e.g. activity, action, and gesture
recognition) using the IMU ultra-low power domain
= motion detection,
= step detector
= plug ’n’ play step counter
= orientation and flat detection
= single tap, double tap, and triple tap detection

Feature set can be optimized for wearable, hearable and mobile applications via API

RoHS compliant, halogen and lead free
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2 Specification

This chapter provides the specifications for the BMI323. Minimum values and maximum values are provided for standard
distributed quantities as +-30. Unless stated otherwise, the specifications provide the characteristics for a nominal supply
voltage of Vpp = Vppio = 1.8V either at an ambient temperature of Ty, = 25°C or, if the characteristic is specified with
respect to temperature, for the performance temperature range Tp from —10°C to +70°C.

Table 1 provides the electrical characteristics for the device.

Table 1: Basic electrical parameter specification

Parameter Symbol Condition Min Typ Max Unit
Supply voltage core | Vpp 1.71 1.8 3.63 \%
domain
Supply voltage I/O Vbbio 1.08 1.2 3.63 v
domain
Voltage input low Vi SPI, 12C & 13C 0.3-Vppio | V
level
Voltage input high Viu SPI, 12C & 13C 0.7-Vbpio \'
level
Voltage output low Vor, SPI 0.2-Vppio | V
level
Voltage output high Vou SPI 0.8-Vppio \Y
level
A+G suspend mode 15

Aonly low power mode, 45
Current | fatp = 25Hz A
consumption bb Aoniy high performance 145 K

mode, f) ,p, = Max
A+G high performance

mode,fy p, = fgpp = Max 790
A+G normal mode, 690
fA,nm = fG,nm = max
A+G low power mode
’ 390
fA,lp = fG,lp = 25Hz
Power on time Atpo Tlme‘from supply . on’ to 1.5 ms
serial I/F operational
Operating Ta -40 +85 °C
temperature

AR, _ Any mode with gyroscope 17 %

Accuracy of the enabled in any mode

AfG =
output data rate Afy
full Tp range, Agnly mode, o
Afappr high performance mode 2 %
Afopn full Tp range, combo mode, 0.0037 %

high performance mode

The Tables 2, 3 and 4 provide the operating conditions for the accelerometer and the related performance and mechan-
ical characteristics.

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well Document number: BST-BMI323-DS000-10
as in the event of applications for industrial property rights

Downloaded from AFFOW.Com.


http://www.arrow.com

Bosch Sensortec | BMI323 Datasheet 9]224

Table 2: Operating conditions for the accelerometer

Parameter Symbol Condition Min Typ Max Units
+2
Acceleration range | ars Selectable via serial digital +4 g
interface +8
+16
Start-up time tasu suspend to high performance 2 ms
mode fy . = max
Table 3: Performance characteristics of the accelerometer
Parameter Symbol Condition Min Typ Max Units
Resolution 16 bit
aps = 28 16384
e ars = 48 8192 LSB
Sensitivity Sa ars - 88 7096 s
dags = 16g 2048
Sensitivity error Sher,8g soldered, over life time 4+0.5 %
Sensitivity error change % full Tp range, best fit +0.005 ZK°
over temperature (TCS,) straight line
Zero-g offset Oa soldered +35 mg
Oh life soldered, over life time 450 mg
Zero-g offset change AAOTA full Tp range, best fit +0.3 =g
over temperature (TCO,) straight line
Noise density N, density High performance mode, 180 \;%
range 8g
Nonlinearity error SaNL best fit straight line, 0.1 %FS
aps = 28
Output data rate fanps fan High performance and 12.5 6400 Hy
normal mode
falpm Low-power mode 0.78125 400
Ba-125H; 6.2
BA=25HZ 12.4
Ba-50Hz 24.7
. N Ba-100Hz 49.4
Banduwidth (BW) in high Ba=200n; | OHz < f < f34p-cutosr O the 98.8
performance and normal 1 Hz
mode Ba-400mz accelerometer, By = 5y 198
Ba-gootiz 393
Ba-=1600Hz 674
Ba=320012 1181
Ba=6400H2 1677
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Table 4: Mechanical characteristics of the accelerometer

10224

Parameter Symbol Condition Min Typ Max Units
Cross axis sensitivity: Savxs Non-orthogonality among +0.3 %
Non-orthogonality Sa,zx, axes, evaluated as lower

Sazy triangular matrix
Cross axis sensitivity: ap, Bas 7a Relative to package +0.5 °
Alignment error outline
Zero-g offset over PCB O bending soldered? +0.016 #S’ggin
strain

The Tables 5, 6 and 7 provide the
mechanical characteristics.

Table 5: Operating conditions for the gyroscope

operating conditions for the gyroscope and the corresponding performance and

Parameter Symbol Condition Min Typ Max Units
+125
Selectable via serial +250 .
Angular rate range | wgs digital interface 4500 /s
+1000
+2000
Start-up time tc.su suspend to high 30 ms
performance mode,
fanp = max including filter
settling

1Determined with a sample of 5 devices.
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Table 6: Performance characteristics of the gyroscope

11224

Parameter Symbol Condition Min Typ Max Units
Resolution 16 bit
wrs = 2000°/s 16.384
wrs = 1000°/s 32.768
Sensitivity Sg wrs = 5007/s 65.536 Lf—f
wrs = 2507/s 131.072
wrs = 1257/s 262.144
Sensitivity error SG,err soldered, over life ‘time, +0.7 %
after self-calibration
SG,err.sC soldered, over life time, +3
without self-calibration
Sensitivity error % Tp range, best fit straight +0.02 %
change over (TCSg) line
temperature
Zero rate offset OG,over-life Soldered, over life time +1 /s
Zero rate offset % Tp range, best fit straight +0.04 f
change over (TCOg) line
temperature
Noise density NG density High performance mode 0.007 \/m
Nonlinearity error SeNL best fit straight line, 0.15 %
WES = 20000/5
Output Data Rate fo.hp» fon High performance and 12.5 6400 Hz
normal mode
fG,lpm Low-power mode 0.78125 400
Bg-12.512 6.2
Bg=2512 12.4
Bg-s0m12 24.7
e Bg=100Hz 49.4
Bandwidth in high Bg-=20012 OHz < f < figp-cutoft Of the 98
Es:fnigln:wnoszand Bg-a0011z gyroscope, Bg = 1f; 190 Hz
Bg-=8ooHz 345
Bg-1600H- 450
Bg=3200H- 531
BG=6400H- 563
Table 7: Mechanical characteristics of the gyroscope
Parameter Symbol Condition Min Typ Max Units
Cross axis sensitivity: Seyx Non-orthogonality among +0.3 %
Non-orthogonality Se.7x» axes, evaluated as lower
Sezv triangular matrix
Cross axis sensitivity: ag, B, Relative to package 4+0.5 °
Alignment error G outline
Zero-rate offset over OG,bending soldered 2 +1.1 Wjam
PCB strain
Zero rate offset error, OG,g Gravitation (1g) parallel 0.1 /s
gravitation induced to each main axis
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Table 8 provides the temperature sensor related characteristics.

Table 8: Characteristics of the temperature sensor

Parameter Symbol Condition Min | Typ | Max | Units
Resolution 16 bits
Measurement Range Ts 41 87 °C
Output at 23°C 0 LSB
Sensitivity St 512 LB
Temperature offset Or After soldering +3 | +4 K
Temperature sensitivity error After soldering, Tp 2 4.5 %
fr,G» fr,combo Any power operation mode 50
Output Data Rate with gyroscope in high Hz

performance mode or
normal mode

fr other Any power operation mode 12.5
with gyroscope either
disabled, in low power

mode or drive only enabled

fr A-only,Ip Accelerometer in low power 6.25

mode, gyroscope disabled

2Determined with a sample of 5 devices.
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3 Absolute Maximum Ratings

131224

Stress above limits stated in Table 9 may cause damage to the device. Exceeding the specified limits may affect the
reliability of the device or can cause malfunction.

Table 9: Absolute maximum ratings

JESD22-A115

Parameter Condition Min Max Units
. Vbp Pin -0.3 4 \Y%
Voltage at Supply Pin Vooro Pin 03 7 v
Voltage at any Logic Pin Non-Supply Pin-out -0.3 Vbpo+0.3and < | V
4
Passive Storage < 65%rH -50 150 °C
Temperature Range
OTP Non-Volatile T =85°C 10 y
Memory Data Retention
MIL-STD-883K Method 10000 g
Mechanical Shock 2002.5, Condition E
MIL-STD-883K-2 Method 20000 g
2002.5, Condition F
Free fall onto hard pass
surfaces 6x 1m & 3x 2m
HBM at any pin 2000
ESD JESD22-A114F (class 2) \Y
CDM 500
JESD22-C101E (class
C2)
MM 200
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4 Quick Start Guide

The purpose of this section is to provide developers, who want to start working with the device, with some very basic
hands-on examples to get started for an application. Before starting the test, the device has to be properly connected to
the host and powered up. For more information about it, please find details in Chapters 7 and 8.2.

Notes on the Serial Interface Support The communication between application processor and the device will happen
over one of the interfaces I3C, I2C or SPI. Each register read operation includes the following number of inserted dummy
bytes before the payload:

= |2C: 2
= |3C: 2
= SP|: 1

For simplicity the dummy bytes are not shown in the examples below. For more information about the interfaces and the
protocol selection, see Chapter 7.

The device is configured for suspend mode after Power On Reset (POR) or soft reset. In this device operation mode,
reading and writing to the registers is possible without requiring to switch the operation mode of the device.

First Application Setup Example Procedures After proper power up by applying the stable supply voltage to the
corresponding device pins, the device enters automatically into the POR sequence. To ensure proper use of the device,
certain configuration steps from the host are a mandatory prerequisite. The most typical operations will be explained in
the following application examples by flow diagrams:

1. Testing communication and initializing the device

a. Reading the chip identifier to ensure correct communication. The default serial interface configuration is 1I3C and
[2C. One initial dummy read configures it to SPI.

Only for SPI:
dummy = read_register_16(addr_8=0x00)

[chip_id = read_register_16(0x00) )

chip_id == <SPEC_VALUE>

yes no

[communication ok] [communication error)

Figure 1: Device communication test
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b. Checking the correct initialization status

(device_status = read_register_16(addr_8=0x01) )

device_status[0] == 0b0

AN

first read

[sensor_status = read_register_16(addr_8=0x02) clears the
register fields

power error

sensor_status[0] == Ob1

[initialization error) (initialization ok)

Figure 2: Device initialization status test

2. Configuring the device for I3C communication
Note: for the I3C read operation, two dummy bytes are inserted when reading from registers. For example, in order
to read the chip identifier in register 0x00, in total 4 bytes must be read with a burst. The first 2 bytes are dummy
bytes, the second two bytes are the chip id register word value where only the least significant byte is valid for the
chip id. For more details refer to Section 7.2.4.
About how to issue ENTDAA(0x07) or SETDASA(0x87) command, please refer to MIPI I3CSM Specification. As an
example, the SETDASA command shown below in Fig. 3.
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External pin connections
follow I13C requirements

Enter I3C SDR mode and assign
a dynamic slave address by sending the
CCC ENTDAA (0x07) OR SETDASA (0x87)

chip_id = read_register_16(0x00)
based on the dynamic slave address

chip_id == <SPEC_VALUE>

yes no

[communication ok) [communication error)

Figure 3: Configure the device for I3C communication

3. Configuring the device for low power mode:
Setting the data processing parameters for power, bandwidth and range followed by reading sensor data
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configure accelerometer with or'ed parameters
- Low power mode: 0x3000

- 2x averaging: 0x0100

- Filtering to ODR/2: 0x0000

- Range 8g: 0x0020

- ODR 50Hz: 0x0007

171224

write_register_16(addr_8=

0x20, value_16=0x3127) )

[sensor_status = read_register_16(addr_8=0x02) )

sensor_status[7] ==

sample_status[0...2] == 0b000

Data saturated

Figure 4: Configure the accelerometer in low power operation mode

4. Configuring the device for normal power mode:

Setting the data processing parameters for power, bandwidth and range followed by reading sensor data
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Configure the accelerometer with or'ed parameters
/ - Normal mode: 0x4000

. . B _ - No averaging: 0x0000
Cwnte_reglsterj6(addr_8—0x20, value_16=0x4027) )< - Filtering to ODR/2: 0x0000
- Range 8g: 0x0020
- ODR 50Hz: 0x0007

Configure the gyroscope with or'ed parameters
Y - Normal mode: 0x4000

. . B _ - No averaging: 0x0000
Cwnte_reglsterj6(addr_8—0x21, value_16=0x404B) )< - Filtering to ODR/2: 0x0000
- Range 2kdps: 0x0040
- ODR 800Hz: 0x000B

/
[read_register_burstj 6(addr_8=0x03, words=6, accel_gyro_sample_16[]) % read to 16-bit array Iﬁ

Figure 5: Configure the accelerometer and gyroscope in normal operation mode

5. Configuring the device for performance mode
Setting the data processing parameters for power, bandwidth and range followed by reading sensor data

Configure the accelerometer with or'ed parameters
- Performance mode: 0x7000
. . _ _ - No averaging: 0x0000
[wrlte_reglsterj 6(addr_8=0x20, value_16=0x70A9) )< - Filtering to ODR/4: 0x0080
- Range 8g: 0x0020
- ODR 200Hz: 0x0009

Configure the gyroscope with or'ed parameters
/ - Performance mode: 0x7000
. . _ B - No averaging: 0x0000
[wnte_reglsterj 6(addr_8=0x21, value_16=0x70C9) )< - Filtering to ODR/4: 0x0080
- Range 2kdps: 0x0040
- ODR 200Hz: 0x0009

(read_register_burstj 6(addr_8=0x03, words=6, accel_gyro_sample_16[]) )% read to 16-bit array Iﬁ

Figure 6: Configure the accelerometer and gyroscope in high performance operation mode

Further Steps: The device has many more capabilities that are described in this document and include FIFO data
buffering, power saving modes, synchronization capabilities with the host processor, sample/data synchronization, etc.
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Notes on the Data Protocol The host operates the device through the register map with 8-bit addressing to 16-bit
data. Data is retrieved from the device by sending one address byte and then reading the required number of dummy
bytes followed by two bytes for each register file to be read. If only the least significant byte of an register file is needed,
only the first byte has to be read and the second one will be discarded automatically by the device. Data is written to
the device by sending one address byte followed two bytes for each register file to be updated. Note: if only one byte
is sent, the device will discard the received data and not update the targeted register file. If an odd number of bytes is
sent, the device will discard the last received byte and not update the last targeted register file.

For more information about the data protocol and the register map including its special addresses, please refer to the
Chapters 6 and 7.

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well Document number: BST-BMI323-DS000-10
as in the event of applications for industrial property rights

Downloaded from AFFOW.Com.


http://www.arrow.com

Bosch Sensortec | BMI323 Datasheet 201|224

5 Functional Description and Features

This section contains references to the registers of the device. A detailed description of the registers including addresses,
bit fields, and values is given in Chapter 6.

5.1 System Configurations

The device includes the two sensors accelerometer and gyroscope. The accelerometer measures the direction and
magnitude of the force applied to the sensor. In a free fall scenario, an accelerometer will report a vector of zeros. The
gyroscope measures the rotational rate and is reporting a vector zeros when the device is at rest. In addition, the device
includes as auxiliary sensor a temperature sensor. All samples are reported synchronously with a unique time value.

5.2 Block Diagram

The Figure 7 details the signal view of the device from analog sensing through analog digital conversion, compensation,
filtering and feature computation to the data and the protocol interfaces.

¥

Accel —* ADC

Compensation

Y

{ Fixed filter —* Features Feature output

User config filter*

i

Data register —* I/F —

Temp —* ADC [ Compensation

L

b4

Data FIFO buffer

Gyro — ADC Compensation |~ User config filter®

Figure 7: Block Diagram

5.3 Supply Voltage and Power Management

The device has two distinct power supplies:

= the main power supply via the VDD pin with the corresponding GND pin, and
= the digital communication interface driven by a separate power supply via the VDDIO pin with the corresponding
GNDIO pin.

There are no limitations with respect to the voltage levels supplied to the VDD and VDDIO pins as long as the absolute
minimum and maximum ratings are met, respectively, see Chapter 3 and Section 7.1. Furthermore, the device can
be completely switched off, that is VDD = 0V, while keeping the VDDIO supply within the operating range or vice
versa. If the VDDIO supply is switched off, all digital interface pins, that is CSB, SDX and SCX, must be kept close to
GNDIO potential. The device is reset when the supply voltage provided to at least one of the supply pins VDD or VDDIO
drops below the corresponding specified minimum values. No constraints exist for the minimum slew-rate of the voltage
applied to the VDD and VDDIO pins.

5.4 Power On Reset and Device Initialization

During Power on Reset (POR), the voltages VDD and VDDIO are ramped to their respective target levels. After the
supply voltages reach their target levels, registers are accessible after the start-up time. After every power on reset or
soft reset, the device enters the suspend power operation mode. All registers of the device can be read and written
without switching the device operation mode.
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5.5 Power Operation Modes

The main power operation modes of the device are:

= Suspend mode: lowest possible power consumption, while the device still maintains its configuration. All device
registers are accessible at full digital interface speed, see Section 7.1

= Low power mode: motion sensing at lowest possible power consumption
= High performance mode: motion sensing at maximum performance

Table 10 below shows the required configurations for these power operation modes.

Table 10: Power operation modes

<
c
.0
-
£
3 < 2
o o c
£ £ o
OI a.l ,S
5 :
TS L =
Z Z S
(@) (@] ©
o o -
8 < s
< o ey
Suspend mode 0b000 0b000 15
Accel only 0b011 0b000 453
Low power mode Gyro only 0b000 0b011 355%
IMU 0b011 0b011 390°%4
Hieh performance Accel only Ob111 0b000 1453
i f de‘; Gyro only 0b000 Ob1il 6907
IMU Ob111 0b111 79034
Accel only 0b100 0b000 1103
Normal mode® Gyro only 0b000 0b100 6507
IMU 0b100 0b100 69034

The power state of the device is controlled through the configuration of the accelerometer, the gyroscope and the feature
engine. The registers ACC_CONF.acc_mode, GYR_CONF.gyr_mode and FEATURE_CTRL.engine_en enable and disable the
accelerometer, the gyroscope, the temperature sensor and the feature engine. The registers ACC_CONF.acc_mode and
GYR_CONF . gyr_mode control directly the power state of the sensors. When setting a new configuration, the start-up time
of the sensor depends on the prior configuration of the sensor. The performance of the new device configuration does
not depend on the prior device configuration.

The sensor characteristics and performance is controlled for the accelerometer via the registers ACC_CONF.acc_range,
ACC_CONF.acc_bw and ACC_CONF.acc_avg_num and for the register GYR_CONF.gyr_range, GYR_CONF.gyr_bw and
GYR_CONF.gyr_avg_num. This means, that the selected filtering configuration for accelerometer and gyroscope influ-
ences the noise power and the latency of the acceleration and angular rate, respectively. In all configurations, register
settings as well as FIFO data are retained.

ACC_CONF.acc_mode and GYR_CONF.gyr_mode settings are used to enable and disable the accelerometer, gy-
roscope and temperature sensing of the device depending on the chosen power mode. After Power on Reset (POR)

5The high performance power operation mode is the preferred continuous power operation mode with specification as stated in 2.
3Depends on the accelerometer configuration in ACC_CONF.
4Depends on the gyroscope configuration in GYR_CONF.
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and soft reset, all sensors of the device are per default disabled. The temperature sensor is automatically enabled and
disabled with the either accelerometer or the gyroscope being enabled or disabled. For operation of the device after
enabling a sensor, please check before disabling a sensor for the availability of the corresponding sample ready (DRDY)
event either by polling the corresponding register or configuring the corresponding interrupt(s). In case the sample ready
event is not available after the start-up time for each sensor, the user should check the content of ERR_REG. fatal_err.
For the gyroscope, the timeout until an error will be reported in ERR_REG. fatal_err is max 350 ms. Please note, that a
user should check that no error is reported in ERR_REG. fatal_err before enabling a sensor.

5.6 Sensor Output

The sensor outputs the three signals acceleration, angular rate and temperature along with the time of the device when
the sensors captured the samples. A burst read on the register set of data output from the sensors always provides self
contained and therefore consistent values for acceleration, angular rate, temperature and sensor time.

5.6.1 Accelerometer

The three dimensional acceleration data is provided with 16 bits width in two’s complement representation. The 16 bits
of each axis are available within one 16 bit wide register from ACC_DATA_X to ACC_DATA_Z. Reading byte-wise the 16 bit
acceleration data registers always returns first the least significant byte, then the most significant byte. The default
value for each axis is invalid value with 0x8000. Note: the accelerometer axis can be re-mapped affecting the actual
content of ACC_DATA_X, ACC_DATA_Y and ACC_DATA_Z. If the device detects an overflow in the signal path, the saturation of
acceleration values in the data registers and the FIFO data buffer is reported for each axis individually with SAT_FLAGS.
satf_acc_x, SAT_FLAGS.satf_acc_y, and SAT_FLAGS.satf_acc_z.

Accelerometer Power Operation Modes ACC_CONF.acc_mode enables the accelerometer with desired power modes
or disables the accelerometer. After power-on and soft-reset, the accelerometer is disabled with 0b000. The temperature
sensor is automatically enabled and disabled in conjunction the accelerometer with characteristics depending on the
accelerometer power mode and, if the gyroscope is enabled, also depending on the gyroscope power mode.

Accelerometer Range Settings The measurement range of the accelerometer can be configured to the ranges 2g,
4g, 8g and 16g. After power up and soft reset, the range is per default range 8g.

Accelerometer Data Processing in High Performance Mode and Normal Mode These two modes can be enabled
by setting ACC_CONF.acc_mode to Oband self-test 111 for high performance mode and 0b100 for normal mode. The
data processing for this mode is configured using ACC_CONF.acc_bw. The rate of data available to the host (ODR) can
be configured in one of ten different valid ODR configurations going from 12.5 Hz up to 6400 Hz through ACC_CONF.
acc_odr. Sample rates less than 12.5 Hz are only supported in low power mode. Note: ACC_CONF.acc_avg_num has no
effect in these modes.

In this power mode, the accelerometer data is output continuously at equidistant points in the time defined by the
accelerometer output data rate parameter ACC_CONF.acc_odr.

The filtering of the acceleration in these modes is configurable through ACC_CONF . acc_bw to either Ob0 for ODR/2 or 0b1
for ODR/4. The filter modes influence the characteristics of the low pass filter applied to the signal, in particular the 3dB
cutoff frequency, the noise suppression, and the group delay. The group delay induced by a filter setting is provided in
Table 11. The cut-off frequencies corresponding to the sample rates and filtering are stated in Table 3. The default is
0b0 for ODR/2. Note: the filter settings have no effect when the synchronous timing control mode of I3C is enabled.

Table 11: Accelerometer group delay in high performance mode
Sample rate [Hz] 125 | 25 50 100 | 200 | 400 | 800 | 1600 | 3200 | 6400
Group delay (typ.) [ms] 459 | 23.2 | 11.8 | 6.09 | 3.24 | 1.82 | 095 | 0.63 | 0.47 | 0.39
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Accelerometer Data Processing in Low Power Mode This modes can be enabled by setting ACC_CONF.acc_mode
to 0b011 for low power mode. The data processing for this mode is configured using ACC_CONF.acc_avg_num. The rate
of signal available to the host (ODR) can be configured as one of ten different valid sample rate configurations from
0.78 Hz up to 400 Hz through ACC_CONF.acc_odr. Sample rates greater than 400 Hz are only supported in normal and
high performance mode®.

In this power mode, the accelerometer alternates between an idle phase, where no measurements are performed, and an
active phase, where data is acquired. The data output to the host is the average of all samples acquired during the active
phase. The number of averaged samples is configured through ACC_CONF.acc_avg_num. A larger number of averaged
samples will result in a lower noise level of the signal. Since the active phase is increased, the power consumption
will also rise. The period for changing between active and idle mode, also known as duty cycle period, is determined
automatically by the value configured through ACC_CONF.acc_odr and ACC_CONF.acc_avg_num. Valid combinations for
these two configurations stated in Table 12. Note: these filter settings have no effect in the time control synchronous
mode of I3C is enabled.

Table 12: ASIC internal filter settings for low-power operation mode

ODR, Hz Internal specification of post-processing by averaging
64 32 16 8 4,2,1
400
200
100
50
25...0.78

Accelerometer Data Ready Notification The host or another device can be notified about the availability of a new
set of sampled data from the accelerometer is available in the registers ACC_DATA_X to ACC_DATA_Z either

= indirectly by polling the status of the accelerometer data ready in STATUS.drdy_acc, or
= directly by an interrupt raised on one of the two (physical) interrupt pins of the in-band-interrupt (IBl) feature of I3C.

Direct notification by an interrupt allows a low latency read of data. To enable the data ready interrupt, please map it
via INT_MAP2.acc_drdy_int to the desired interrupt interface with 0b01 to the INT1 pin, 0b10 to the INT2 pin or Ob11 to
the I3C-IBI. Latching of the interrupt status is configurable via INT_CONF.int_latch. In non-latched mode, the interrupt
is cleared automatically after 1/s400Hz. If this automatic clearance is not desired, please configure the latched mode for
interrupts, see Section 5.9. In the latched mode, if acknowledgement of interrupts is desired, the flag INT_STATUS_INT1.
int1_acc_drdy, INT_STATUS_INT2.int2_acc_drdy or INT_STATUS_IBI.ibi_acc_drdy has to be cleared by reading the
status register depending on the mapping of the interrupt to an interrupt interface. The flag STATUS.drdy_acc is cleared
when any of the registers ACC_DATA_X to ACC_DATA_Z is read.

Note: a data ready interrupt raised through the INT1 or INT2 pin allows an estimation of the real sample rate when the
interrupt data line is also linked to an automatically latched high frequency and high resolution timer on the receiver side
of the interrupt.

5.6.2 Gyroscope

The three dimensional angular rate data is provided with 16 bits width in two’s complement representation. The 16 bits
of each axis are available within one 16 bit wide register from GYR_DATA_X to GYR_DATA_Z. Reading byte-wise the 16 bit
gyroscope data registers always returns first the least significant byte, then the most significant byte. The default value
for each axis is invalid value with 0x8000. Note: the gyroscope axis can be re-mapped affecting the actual content
of GYR_DATA_X, GYR_DATA_Y and GYR_DATA_Z. If the device detects an overflow in the signal path, the saturation of
angular rate values in the data registers and the FIFO data buffer is reported for each axis individually with SAT_FLAGS.
satf_gyr_x, SAT_FLAGS.satf_gyr_y, and SAT_FLAGS.satf_gyr_z.
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Gyroscope Power Operation Modes GYR_CONF.gyr_mode enables the gyroscope with desired power modes or dis-
ables the gyroscope. Per default, the gyroscope is disabled with 0b000. The temperature sensor is automatically enabled
and disabled in conjunction with the gyroscope with characteristics depending only the gyroscope power mode. As long
as the gyroscope is enabled, the temperature sensor power operation mode is not dependent on the accelerometer
power mode, see sub-section 5.6.3.

Gyroscope Range Settings The measurement range of the gyroscope can be configured to the ranges 125°/s,
250°/s, 500°/s, 1000 /s and 2000 °/s. After power up and soft reset, the default range is 2000 °/s.

Gyroscope Data Processing in High Performance Mode and Normal Mode These two modes can be enabled by
setting GYR_CONF . gyr_mode to Ob111 for high performance mode and 0b100 for normal mode®. The data processing for
this mode is configured using GYR_CONF . gyr_bw. The rate of signal available to the host (ODR) can be configured in one
of ten different valid sample rate configurations starting at 12.5 Hz up to 6400 Hz. Sample rates less than 12.5Hz are
only supported in low power mode. Note: GYR_CONF.gyr_avg_num has no effect in these modes.

In this power mode, the gyroscope data is output continuously at equidistant points in the time defined by the gyroscope
output data rate parameter GYR_CONF . gyr_odr.

The filtering of the angular rate in these modes is configurable through GYR_CONF . gyr_bw to either Ob0 for ODR/2 or Ob1
for ODR/4. The filter modes influence the characteristics of the low pass filter applied to the signal, in particular the 3 dB
cutoff frequency, the noise suppression, and the group delay. The group delay induced by a filter setting is provided in
Table 13. The cut-off frequencies corresponding to the sample rates and filtering are stated in Table 6. The default is
0bO for ODR/2. Note: the filter settings have no effect in the time control synchronous mode of I3C is enabled.

Table 13: Gyroscope group delay in high performance mode
Sample rate [Hz] 12.5 | 25 50 100 | 200 | 400 | 800 | 1600 | 3200 | 6400
Group delay (typ.) [ms] 46.4 | 23.7 | 12.3 | 6.57 | 3.72 | 230 | 1.43 | 1.11 | 0.95 | 0.88

Gyroscope Data Processing in Low Power Mode This modes can be enabled by setting GYR_CONF.gyr_mode to
0b011 for low power mode. The data processing for this mode is configured using GYR_CONF.gyr_avg_num. The rate of
data available to the host (ODR) can be configured as one of ten different valid ODR configurations from 0.78 Hz up to
400 Hz. Sample rates greater than 400 Hz are only supported in normal and high performance mode®.

In this power mode, the gyroscope alternates between an idle phase, where no measurements are performed, and an
active phase, where data is acquired. The data output to the host is the average of all samples acquired during the active
phase. The number of averaged samples is configured through GYR_CONF.gyr_avg_num. A larger number of averaged
samples will result in a lower noise level of the signal. Since the active phase is increased, the power consumption
will also rise. The period for changing between active and idle mode, also known as duty cycle period, is determined
automatically by the value configured through GYR_CONF.gyr_odr and GYR_CONF.gyr_avg_num. Valid combinations for
these two configurations are the same as stated for the accelerometer in Table 12 in Subsection 5.6.1. Note: these filter
settings have no effect in the time control synchronous mode of I13C is enabled.

Gyroscope Data Ready Notification The host or another device can be notified about the availability of a new set of
sampled data from the gyroscope is available in the registers GYR_DATA_X to GYR_DATA_Z either

= indirectly by polling the status of the gyroscope data ready in STATUS.drdy_gyr, or
= directly by an interrupt raised on one of the two (physical) interrupt pins of the in-band-interrupt (IBl) feature of I3C.

Direct notification by an interrupt allows a low latency read of data. To enable the data ready interrupt, please map it
via INT_MAP2.gyr_drdy_int to the desired interrupt interface with 0b01 to the INT1 pin, 0b10 to the INT2 pin or Ob11 to
the I3C-IBI. Latching of the interrupt status is configurable via INT_CONF.int_latch. In non-latched mode, the interrupt
is cleared automatically after 1/6400Hz. If this automatic clearance is not desired, please configure the latched mode for
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interrupts, see Section 5.9. In the latched mode, if acknowledgement of interrupts is desired, the flag INT_STATUS_INT1.
int1_gyr_drdy, INT_STATUS_INT2.int2_gyr_drdy or INT_STATUS_IBI.ibi_gyr_drdy has to be cleared by reading the
status register depending on the mapping of the interrupt to an interrupt interface. The flag STATUS.drdy_gyr is cleared
when any of the registers GYR_DATA_X to GYR_DATA_Z is read.

Note: a data ready interrupt raised through the INT1 or INT2 pin allows an estimation of the real sample rate when the
interrupt data line is also linked to an automatically latched high frequency and high resolution timer on the receiver side
of the interrupt.

5.6.3 Further Sensor Data

Temperature Sensor The data from the temperature sensor is provided with 16 bits width in two’s complement repre-
sentation in the 16 bit wide register TEMP_DATA. Reading byte-wise the 16 bit data registers always returns first the least
significant byte, then the most significant byte. The range of the temperature sensor output is from —41°C to +87 °C.

The temperature sensor is automatically enabled with enabling either the accelerometer or the gyroscope. It is auto-
matically disabled when both accelerometer and gyroscope are being disabled. The register contains the invalid value
0x8000 until the first temperature measurement is completed. The rate of data available to the host (ODR) depends
on the hand on which sensors of the device are enabled and on the other hand to which power mode of a sensor is
configured, see Table 14.

Table 14: Temperature sensor sample rate fr

Operation mode combination Min Typ Max Unit
Accelerometer in high performance mode or 125 12,5

normal mode and gyroscope disabled or in fast

start-up mode

Accelerometer in low power mode and gyroscope fa Jow-power 6.25 Hz
disabled or in fast start-up mode

Gyroscope in high performance mode or normal 50 50

mode and accelerometer disabled

Gyroscope in low power mode and accelerometer fG low-power 12.5

disabled

Accelerometer and gyroscope in any of high 50 50
performance mode or normal mode

Accelerometer in low power mode and gyroscope 50 50

in high performance mode or normal mode

Gyroscope in low power mode and accelerometer 12.5 12.5

in high performance mode or normal mode

Accelerometer in low power mode and gyroscope max {fA,low—powera fG,IOW_power} 12.5

in low power mode

Sensor Time The device provides the time of the sensors synchronized to any sample acquired from the accelerom-
eter, gyroscope and temperature sensor. The value of the timer is provided with 32 bits width in the registers
SENSOR_TIME_1 and SENSOR_TIME_O0. The most significant word is stored in SENSOR_TIME_1 and the least significant
word in SENSOR_TIME_@®. The minimum increment of the timer is 39.0625 us per LSB of SENSOR_TIME_0. A burst read
on the registers always provides self contained and therefore consistent values. The sensor time will wrap around after
approximately 11 hours and 39 minutes. Table 15 details the resolution and update rate of the bits in the sensor time
register.
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Table 15: Resolution and update rate of the sensor time

Bit m in SENSOR_TIME_1 31 30 29 28 27 26 25 24
Resolution [s] res. res. 20971.52 | 10485.76 | 5242.88 | 2621.44 | 1310.72 | 655.36
Sample Rate [Hz]
Bit m in SENSOR_TIME_1 23 22 21 20 19 18 17 16
Resolution [s] 327.68 | 163.84 81.92 40.96 20.48 10.24 5.12 2.56
Sample Rate [Hz]
Bit m in SENSOR_TIME_O 15 14 13 12 11 10 9 8
Resolution [ms] 1280 640 320 160 80 40 20 10
Sample Rate [Hz] 0.78125 | 1.5625 3.125 6.25 12.5 25 50 100
Bit m in SENSOR_TIME_O 7 6 5 4 3 2 1 0
Resolution [1s] 5000 2500 1250 625 3125 156.25 78.125 | 39.0625
Sample Rate [Hz] 200 400 800 1600 3200 6400

5.6.4 Configuration Changes

If the configuration of the device in the registers ACC_CONF or GYR_CONF is altered while the sensors are enabled, the
changes are not immediately applied to the sensors. The configuration becomes effective when a sampling event for
the currently active ODR coincides with a sampling event for the newly requested ODR on the sensor time sampling
grid. In the case where the currently active ODR equals the newly requested ODR, the configuration changes become
effective at the next sampling event. This behavior is detailed in the Figure 8.
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Figure 8: Effectiveness of configuration changes related to sample rate

5.7 FIFO Data Buffering

The FIFO data buffer collects and stores data from selected sensors to minimize transfers between device and host.
The device supports the following FIFO operating modes for the FIFO data buffer:

= Streaming mode:

= Behaviour: overwrite oldest data on buffer full condition
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= Configuration: set FIFO_CONF. fifo_stop_on_full to Ob0
= Stop-on-full mode:

= Behaviour: discard newest data on buffer full condition
= Configuration FIFO_CONF. fifo_stop_on_full to Ob1

The FIFO data buffer has a size of 2048 bytes. It can trigger the following interrupts to the host for the conditions of
FIFO data buffer filled and FIFO data buffer watermark level reached, see details in section 5.7.3. The FIFO data buffer
is enabled to store

= acceleration from the accelerometer with FIFO_CONF. fifo_acc_en=0b1,
= angular rate from the gyroscope with FIFO_CONF. fifo_gyr_en=0b1,

= temperature with FIFO_CONF. fifo_temp_en set to Ob1, and

= sensor time with FIFO_CONF. fifo_time_en set to Ob1.

The FIFO data buffer may be used in all power modes of the device to record data. No restrictions for reading the FIFO
data buffer from the host apply.

5.7.1 Frames

The data is stored in the FIFO data buffer with frames. The frames have no header. The total width of a buffer frame
depends on the signal sources configured for storage in the buffer. When the sources to be stored in the FIFO data
buffer are set, the width one frame is constant until the configuration for sources to be stored in the FIFO is changed.
Each source adds its own specific width to the total width of a frame. The order of sources for any possible configuration
of a buffer frame is fixed, see Table 16. A lower ordering number of a source means that data appears prior in a buffer
frame compared to a higher ordering number of a source. Disabled sources do not add any data to the buffer frame.
Any change in configuration that have an impact on the width of a buffer frame or the order of sources within a frame
causes an instant flush of the FIFO data buffer and a restart of storing signals with the new settings.

Table 16: Order and size of sources to the FIFO data buffer

Order Source Size [words] Description
1 Accelerometer 3 Acceleration with one 16bit word for each axis x, y and z
2 Gyroscope 3 Angular rate with one 16bit word for each axis x, y and z
3 Temperature sensor 1 Temperature as one 16bit word
4 Oscillator 1 Sensor time as one 16bit word

Example: gyroscope, time, and acceleration is enabled, then the order within the buffer frame is (accel:gyro:time)
The format of the fields in a FIFO data frame is stated in Table 17.

Table 17: FIFO Data Description
Frame Field FIFO Data Description
Accelerometer | Same as configured in ACC_CONF.acc_range
Gyroscope Same as configured in GYR_CONF.gyr_range
Temperature See TEMP_DATA.temp_data
Sensortime Same resolution as sensortime, see 5.6.3

Changes to the configuration of the FIFO data buffer can cause a flush of the buffer, see details in subsection 5.7.4.
A change of the configuration of the sensor, e.g. measurement range, ODR, etc, will restart the signal processing in
the device causing invalid data until the data path is settled. The invalid data is not inserted into the buffer frames and
skipped automatically. Instead, to keep the width of a frame constant, special dummy-data is inserted. This dummy-data
can also be used to distinguish frames with old and new settings in place. The dummy data has a fixed signature for
each signal source as shown in Table 18.
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Table 18: Signature of dummy frames in the FIFO data buffer
Word | Accelerometer | Gyroscope | Temperature
1 0x7f01 0x7f02 0x8000

2...end 0x8000 0x8000 n/a

5.7.2 Conditions and Details

Enabling FIFO Data Buffering The FIFO data buffer has to be enabled before enabling any sensor, that is the
accelerometer or the gyroscope. If the FIFO data buffering was not enabled before and is needed in any low power
mode, the device must be switched to high performance mode or normal mode to activate then the FIFO data buffer
and switch back to the low power mode.

Buffer Frame Reads A buffer frame is deleted from the FIFO data buffer after being fully read through the register
FIFO_DATA. If a frame is read only partially, it will be repeated completely with the next read of the FIFO data buffer.
In the case of a buffer overflow between the first partial read and the second read attempt, the frame is kept only if
FIFO_CONF. fifo_stop_on_full is set to Ob1.

Buffer Overreads When more data is read from the FIFO buffer than valid data is available, a value of 0x8000 is
returned for each word read exceeding the valid data.

Frame Rates The sampling rate of buffer frames in the FIFO buffer is defined by the maximum output data rate of the
sensors enabled for storage in the FIFO buffer.

Buffer Overflow In case of an overflow, the FIFO buffer can either stop recording data or overwrite the oldest data.
This behavior is controlled by the register FIFO_CONF. fifo_stop_on_full. If FIFO_CONF.fifo_stop_on_full is set to
0bO0, the FIFO logic will delete the oldest frames. If FIFO_CONF. fifo_stop_on_full is set to Ob1, the newest frame may
be discarded when the remaining free space in the FIFO buffer is less than the maximum size frame. During a read
operation from the FIFO buffer by the host, no data at the FIFO buffer tail may be dropped. If the host reads the FIFO
buffer with a slower rate than it is filled, it may happen that the sensor needs to drop new data, even if FIFO_CONF.
fifo_stop_on_full is set to 0bO.

5.7.3 FIFO Buffer Interrupts
The FIFO supports the two interrupts

= buffer full interrupt, and
= watermark level interrupt.

The buffer full interrupt is issued when the FIFO fill level is above the full threshold. The full threshold is reached
just before the last two frames are stored in the FIFO data buffer. This interrupt is enabled by setting INT_MAP2.
fifo_full_int to Obl.

The watermark level interrupt is issued when the fill level of the FIFO buffer is equal or above a watermark level defined
in the register FIFO_FILL_LEVEL.fifo_fill_level. Note: if the watermark level is set higher than the full level, the
interrupt may be triggered more often than expected. This interrupt is enabled by setting INT_MAP2. fifo_watermark_int
to Ob1.

The FIFO buffer interrupts can be signalled to host after mapping with INT_MAP2.fifo_watermark_int and/or
INT_MAP2.fifo_full_int them to the desired interrupt signalling channel. Latched FIFO buffer interrupts will only
be cleared, if the status register gets read and the fill level is below the corresponding FIFO interrupt.
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5.7.4 FIFO Buffer Flush

A flush of the FIFO data buffer can be triggered by the user directly or indirectly by a re-configuration of the device. The
user can directly trigger a flush of the FIFO buffer by writing Ob1 to FIFO_CTRL. fifo_flush. An indirect, automated flash
of the FIFO data buffer is caused by:

= a signal source being enabled or disabled, and
= a signal source to be stored in the FIFO data buffer being added or removed.

Changes of the configuration, that do not cause a flush of the FIFO data buffer, are:

= measurement range,
= sample rate of providing data to the host (ODR), and
= filter configuration.

5.8 Advanced Features

5.8.1 Global Configuration

The advanced features of the device can be activated after enabling the feature engine. The feature engine has to be
enabled following the steps also detailed in Fig. 9:

1. disable all sensors except enabling the feature engine directly after power on or soft reset, then

2. first writing 0x012C to FEATURE_1I02 followed by 0x0001 to FEATURE_IO_STATUS, then

3. setting FEATURE_CTRL.engine_en to Obl, and then

4. waiting for the feature engine to be initialized by polling FEATURE_IO1.error_status for the value 0b001.

Note: the advanced features may be incorrectly interpreted if the accelerometer and/or gyroscope are enabled before
feature engine.

1

I I

|

enable feature engine_
>

soft-reset or device power-cycle

Y

set FEATURE_IO_STATUS to 0x0001

>

|

|

|

|

1

set FEATURE_IO2 to 0x012C R |
> |
|

1

set FEATURE_CTRL.engine_en to 0x0001 _ |
- |

|

Figure 9: Enable the feature engine

The feature engine may be disabled by setting FEATURE_CTRL. engine_en to 0b0, however, a soft reset or power cycle
is required to re-enable the feature engine. Configuration, state toggling and the data input/output of the features is
possible via

= the register interface through the registers FEATURE_I00 to FEATURE_I03 and the input/output synchronization register
FEATURE_IO_STATUS for

= enabling and disabling of features and
= data and status output of advanced features, or
= the command interface via the register CMD for initiating non-continuously running features, and
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= the configuration interface for features through the registers FEATURE_DATA_ADDR, FEATURE_DATA_TX and
FEATURE_DATA_STATUS, see Section 6.2.

The configuration of the sensor through FEATURE_I00 must be executed following this procedure:

= write or modify the configuration to FEATURE_IO00, and subsequently
= activate the configuration by writing Ob1 to FEATURE_IO_STATUS. feature_io_status.

Note: prior to enabling of any of the advanced features, the configuration and enabling of the accelerom-
eter is required. A more enhancedfflexible user interface can be configured by using the function
bmi3x0_configure_enhanced_flexibility of the sensor driver API, available in Github.

The advanced features can be optimized depending on the context of the end application. The pre-defined settings in
the API are optimized for a wearable context (end device is worn at the wrist), but can also be switched to hearable or
mobile context via the API. The sensor APl is available in GitHub.

Table 19 provides the overview on supported sample rates per feature in the low power operation mode of the accelerom-
eter. In the high performance power operation mode, features are supported independent of the configured sample rates
of the accelerometer.

Acceleration Any No Step Significan Tap Orientatio Flat Tilt
sample rate motion/ | motion/ | counter motion detector | detector | detector | detector
Motion station-
Detect ary
detect
> 200
200 Yes
100 Yes Yes
50 Yes Yes Yes Yes Yes
25 No
195 No No

Table 19: Overview of supported sample rates per feature in the low power operation mode

The device adjusts the sample rate dependent parameters of the features to the configured reduced sample rate. Thresh-
old values are not dependent on the sample rate and therefore not modified. All user configurations are retained and not
modified until soft-reset or power down. Hence, you do not need to update the configuration when changing the sample
rate (ODR) of the accelerometer.

5.8.2 Any-motion Detection and Motion Detect

The feature any-motion detects changes in motion of one axis. It uses the slope between adjacent samples of the accel-
eration signal to trigger this event. With a different behaviour in interrupt frequency and interrupt hold time, this feature
can be configured to the generate an interrupt for motion detect with EXT.GEN_SET_1.event_report_mode set to Ob1.
The interrupt is enabled for each axis independently by writing Ob1 to FEATURE_I00.any_motion_x_en, FEATURE_TIO0G.
any_motion_y_en, and FEATURE_IO0.any_motion_z_en.

The difference between the current acceleration sample and the reference sample gives the slope. The computation of
the slope depends on the setting of EXT.ANYMO_1.acc_ref_up. In the default configuration of EXT.ANYMO_1.acc_ref_up
being Ob1, the reference sample is the previous acceleration sample. When EXT.ANYMO_1.acc_ref_up is set to Ob0, the
reference sample is set to the acceleration sample when the interrupt was generated.
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Figure 10: Motion detect / Any-motion detection

The feature generates an interrupt when the absolute value of the slope exceeds the preset EXT.ANYMO_1.slope_thres
for a certain number of consecutive samples defined by EXT.ANYMO_3.duration. The reference sample is updated when
the condition is fulfilled. In other words, this means that the reference for the detection is the last state when sensor
detected an any-motion event. The generated interrupt will be cleared as soon as the slope value drops below the
threshold and after the duration EXT.ANYMO_3.wait_time elapsed. The sensitivity of this interrupt to be rethrown when
the slope increases again after dropping below the threshold is controlled with EXT.ANYMO_2.hysteresis. This feature
is supported in the high performance power operation mode for all sample rates and in the low power operation mode
for the sample rates from 12.5 Hz to the maximum supported sample rate, see Table 19.

Configuration settings

FEATURE_IO00.any_motion_x_en — enable the feature for the x-axis
FEATURE_I00.any_motion_y_en — enable the feature for the y-axis
FEATURE_I00.any_motion_z_en — enable the feature for the z-axis
EXT.ANYMO_1.slope_thres — the threshold for the slope

EXT.ANYMO_1.acc_ref_up — update mode of the acceleration reference when an event was detected or always

A s
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6. EXT.ANYMO_2.hysteresis — hysteresis for the slope of the acceleration

7. EXT.ANYMO_3.duration — the number of consecutive samples for which the threshold condition must be respected
for interrupt assertion

8. EXT.ANYMO_3.wait_time — wait time for clearing the event after the slope is below the configured threshold value
EXT.ANYMO_1.slope_thres

5.8.3 No-motion Detection and Stationary Detect

The feature no-motion detection evaluates the slope between adjacent samples of the acceleration signal in all selected
axes to detect a stationary state. The interrupt is enabled for each axis independently by writing Ob1 to FEATURE_I0G.
no_motion_x_en, FEATURE_IO®.no_motion_y_en, and FEATURE_IO®.no_motion_z_en. With a different behaviour in
interrupt frequency and interrupt hold time, this feature can be configured to the generate an interrupt for stationary
detect with EXT.GEN_SET_1.event_report_mode set to Ob1.

The difference between the current acceleration sample and the reference sample gives the slope. An interrupt is
generated when the slope for all selected axis remains smaller than the programmable threshold value EXT.NOMO_1.
slope_thres for the configurable duration value in EXT.NOMO_3.duration. This feature is supported in the high per-
formance power operation mode for all sample rates and in the low power operation mode for the sample rates from
12.5 Hz to the maximum supported sample rate, see Table 19.

-
o

Figure 11: Stationary detect / No-motion detection
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Configuration Settings

FEATURE_I00.no_motion_x_en — enable the feature for the x-axis

FEATURE_IO0.no_motion_y_en — enable the feature for the y-axis

FEATURE_I00.no_motion_z_en — enable the feature for the z-axis

EXT.NOMO_1.slope_thres — the threshold for the slope

EXT.NOMO_1.acc_ref_up — update mode of the acceleration reference when an event was detected or always
EXT.NOMO_2.hysteresis — hysteresis for the slope of the acceleration

EXT.NOMO_3.duration — the number of consecutive samples for which the threshold condition must be respected for
interrupt assertion

8. EXT.NOMO_3.wait_time — wait time for clearing the event after the slope is below the configured threshold value
EXT.NOMO_1.slope_thres

NoaogpwhR

5.8.4 Significant Motion Detection

The significant motion detection provides the interrupt raised on detection of a significant motion as defined in Android®:
https://source.android.com/devices/sensors/sensor-types.html#significant_motion.

This feature is supported in the high performance power operation mode for all sample rates and in the low power
operation mode for the sample rates from 50 Hz to the maximum supported sample rate, see Table 19. It can be
enabled by setting FEATURE_I00.sig_motion_en to Ob1.

In Android, a significant motion is a motion due to a change in the user location. Examples of such significant motions
are walking or biking, sitting in a moving car, coach or train, etc. Examples of situations that does typically not trigger
significant motion include phone in pocket and person is stationary or phone is at rest on a table which is in normal
office use. Upon detection of a user movement classified as significant according to the aforementioned examples, an
interrupt is triggered indicating the probable change of an user location. Classification of movement as significant motion
or not is based on the analysis of acceleration signal over the time duration configured by EXT.SIGMO_1.block_size.
Time segments are assumed to be non-overlapping. If the significant motion condition is evaluated as true for greater
than 50% of the configured duration, an interrupt is reported. The condition is based on the peak-to-peak (P2P) value
and mean crossing rate (MCR) of the magnitude of the acceleration signal. The conditions for a significant motion are:

= P2P magnitude is greater than EXT.SIGMO_2.peak_2_peak_min and MCR is greater than EXT.SIGMO_2.mcr_min, or
= P2P magnitude is greater than EXT.SIGMO_3.peak_2_peak_max and MCR is less than EXT.SIGMO_3.mcr_max.
The feature can be configured to output only the first detected event and ignoring the following events, also known as

one-shot behavior, by setting EXT.GEN_SET_1.event_report_mode as Ob1l. When this configuration is enabled, internally
the block size is set to 5 seconds and changes to the user configurable value of EXT.SIGMO_1.block_size are ignored.

Example An example for the behavior of the significant motion detection for a walking scenario is depicted in Fig. 12,
where EXT.SIGMO_1.block_size is set to 5 seconds (0xO0FA).

1Android is a trademark of Google LLC.
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Figure 12: Significant motion interrupt detection behavior for walking use-case

This example contains 3 scenarios of motion within the configured block size time interval:

1. Large initial part of segment as STILL with small part of segment as WALKING.

2. Full segment as WALKING.

3. Initial large part of segment as WALKING with remaining being STILL.

Segment 1 encompasses the user movement for less than 50% of EXT.SIGMO_1.block_size, hence no interrupt is
reported. In contrast to that, segments 2 and 3 include the user movement for greater than 50% for which the interrupts
are reported at end of the segment.

Configuration Settings  Significant motion offers configuration parameters for enabling/disabling of feature and to
optimize the functional behavior based on use-case. Parameters available are described in Table 20.
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Table 20: Configuration parameters of the significant motion
Register/ffield name Description Default value Range

FEATURE_I00.sig_motion_en Enable detection of significant motion status 0 0/1 (disable/enable)
of device
EXT.SIGMO_1.block_size Size of the time segment for significant 250 0 to 65535
motion detection
EXT.SIGMO_2.peak_2_peak_min | Minimum threshold for peak to peak value of 38 0to 1023
acceleration magnitude over one second
time window

EXT.SIGMO_2.mcr_min Minimum threshold for mean crossings of 17 0to 63
acceleration magnitude over one second
time window

EXT.SIGMO_3.peak_2_peak_max | Maximum threshold for peak to peak value of 595 0to 1023
acceleration magnitude over one second
time window

EXT.SIGMO_3.mcr_max Minimum threshold for mean crossings of 17 0to 63
acceleration magnitude over one second
time window

5.8.5 Step Counter and Step Detection

The Step Counter provides the function required for counting of steps as defined for Android?: https://source.andro
id.com/devices/sensors/sensor-types.html#step_counter. The Step Detector implements the function required
for step counting in Android: https://source.android.com/devices/sensors/sensor-types.html#step_detector.
The algorithm for counting of steps is designed for smartphone usecases and optimized on high accuracy, while the
algorithm for the detection of steps is optimized for low latency reporting of detection events. Each event can be enabled
independently. This feature is supported in the high performance power operation mode for all sample rates and in the
low power operation mode for the sample rates from 50 Hz to the maximum supported sample rate, see Table 19.

Configuration Settings

FEATURE_IO00.step_counter_en — indicates if the step counter feature is enabled or not.
FEATURE_I00.step_detector_en — indicates if the step detector feature is enabled or not.
FEATURE_IO2.step_counter_out_0 — Step counter value, lower 16bit of the 32bit value
FEATURE_I03.step_counter_out_1 — Step counter value, higher 16bit of the 32bit value

EXT.SC_l.watermark_level —the Step Counter will trigger output every time this number of steps are counted. Holds
implicitly a 20x factor, so the range is 0 to 1023 (without the implicit factor), with resolution of 20 steps. If 0, the Step
Counter watermark is disabled. If the Step Detector is enabled, the watermark interrupt is disabled (as being mutually
exclusive).

6. EXT.SC_l.reset_counter — trigger to reset the counted steps. Resets the step count value, if any one of step counter,
step detector or activity feature is enabled.

bR

Step Counter The Step Counter accumulates the steps detected by the step detector interrupt, and provides the
current value of the 32bit wide step count in the two registers FEATURE_IO2.step_counter_out_0 (lower word) and
FEATURE_I03.step_counter_out_1 (higher word). By setting the flag EXT.SC_1l.reset_counter to Ob1, the value of
accumulated steps is reset. Afterwards, the value of this flag is automatically reset and counting is restarted. The
accumulated step count value can be reset when any of the features Step Counter or Step Detector is enabled.

The watermark option can be useful if the host needs to receive an interrupt every time a certain number of steps occured.
When the watermark level is reached, the corresponding interrupt bit is asserted for the mapped interrupt channel, that is

2 Android is a trademark of Google LLC.
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INT_STATUS_INT1l.intl_step_counter, INT_STATUS_INT2.int2_step_counter or INT_STATUS_IBI.ibi_step_counter.
If EXT.SC_l.watermark_level is set to 10 (holding an implicit factor of 20x), after every interval of 200 steps an interrupt
will be raised. As the steps are buffered internally, the output may be triggered between 200 to 210 steps.

Note: in case the watermark interrupt for the step counter is required for the application to be set to a level greater
than 65535, an upload of the configuration file is mandatory before enabling the feature engine and executing this
feature, see section 5.8.1. The configuration file is provided through the sensor API, available in GitHub, and can
be extracted from there. Please refer to the function bmi3x0_configure_enhanced_flexibility of the sensor driver
API for a reference implementation.

Step Detector When FEATURE_I00.step_detector_en is set to Ob1l, an interrupt is triggered for every detected step.
Every time a new step is detected, the configured corresponding interrupt output is triggered and the corresponding
status bit is set. The Step Detector feature is optimized for low latency to ensure for such events a fast reaction by the
host . Hence, when a step is detected, it is immediately signaled. Due to this behaviour, there may exist situations when
the sum of the detected steps is different than the Step Counter value.

5.8.6 Flat Detection

This interrupt detects a Flat orientation based on the acceleration signal. The interrupt is triggered when the sensor
in the device gets close to a horizontal orientation. Note: the interpretation of the sensor orientation as horizontal is
dependent on the configured axis re-mapping, see section 5.11. A horizontal orientation is detected by the angle among
the orientation of the gravitational force and the axis of the sensor configured as z-axis. The condition for activating the
interrupt reads

o- a; - a; — Aahysteresis >ax-axt ay : ay . (51)

The condition for deactivating the interrupt is given by

o- a;-a;+ Aahysteresis <ax-axt ay . ay . (52)

If one of the inequalities does not become true, then the state of interrupt is not changed. The state of the interrupt
is actually changed, that is set or reset, when the device remains in one of the conditions for the configured period
EXT.FLAT_1.hold_time. This feature is supported in the high performance power operation mode for all sample rates
and in the low power operation mode for the sample rates from 12.5 Hz to the maximum supported sample rate, see
Table 19.

Theta Angle The threshold angle © for detecting a Flat orientation can be configured via EXT.FLAT_1.theta where
1 LSB equals 64 - (tan (©))%. Some important values of EXT.FLAT_1.theta are depicted in Table 21. The value of the
hysteresis value EXT.FLAT_2.hysteresis is set according to the following graphic, with values between 0 and 63, which
corresponds to hysteresis angle between 0 and 5 degrees. In the following graphic, 4 usual cases are depicted: 0, 1,
2.5 and 5 degrees. The hysteresis is symmetric, used for both going into and out of Flat state. For the default value of
9, the actual interval around the angle of 20 degrees is +/-2.5 degrees; so a 5 degree interval is used for total hysteresis
filtering.

Table 21: Register value correspondence to © in degrees
EXT.FLAT_1.theta 0 1 2 5 8 14 22 33 45 63
O/deg 0 7.1 10 15.6 19.5 25.1 304 35.7 40 44.8

Hysteresis The threshold angle © for Flat detection is associated to a hysteresis to ensure a true flat detection and
avoid the oscillation the feature status. The hysteresis value EXT.FLAT_2.hysteresis is used according to Fig. 13. The
hysteresis can be configured with values between 0 and 63 that correspond to a hysteresis angle between 0 and 5
degrees. In the following graphs of Fig. 14 and Fig. 15, four typical cases are depicted for the case of the hysteresis
configured to 0, 1, 2.5 and 5 degrees. The effect of the hysteresis is symmetric and used for both cases of entering
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and lesving the Flat state. For the default hystereis configuration value of 9, the actual interval around the Theta
angle © = 20deg is +2.5 deg. Hence, a total interval for the hysteresis filtering is 5 deg.
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Figure 13: Hysteresis and 6 angle
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Figure 14: Positive hysteresis correspondence to 6 angle
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Negative Hysteresis correspondence with Theta angle
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Figure 15: Negative hysteresis correspondence to 6 angle

Blocking Mode The Flat detection can be suppressed for the case of a motion with a large magnitude of the acceler-
ation to avoid a change of the Flat detection status. The blocking feature for the Flat detection interrupt is configurable
via the EXT.FLAT_1.blocking and has the meaning as defined in Table 22.

Table 22: Blocking mode options for flat detection
Blocking mode | Conditions
0b00 and 0b11 | Interrupt blocking is disabled
0b01 acceleration of any axis > 1.5 g
0b10 acceleration of any axis > 1.5 g OR slope > EXT.FLAT_2.slope_thres

Configuration Settings

FEATURE_I00. flat_en — Switch indicating if this feature is enabled or not

EXT.FLAT_1.theta — Value corresponding to the hysteresis angle © for flat detection

EXT.FLAT_1.blocking — Sets the blocking mode, see Table 22.

EXT.FLAT_1.hold_time — Duration for which the current state is held before an interrupt can be raised again.
EXT.FLAT_2.slope_thres — Minimum slope between consecutive acceleration samples to prevent a change of the
flat status during large movement

EXT.FLAT_2.hysteresis — Control the hysteresis to achieve the desired detection sensitivity

bR

o

5.8.7 Orientation Detection

The Orientation Detection feature informs on an orientation change of the sensor with respect to the Earth gravitational
force. There are the orientations face up and face down and orthogonal to them portrait upright, landscape left, portrait
downside, and landscape right. The interrupt for face up/face down may be enabled separately by setting EXT.ORIENT_1.
ud_en to Ob1. The sensor orientation is defined by the angles ¢ and 6. ¢ is the rotation around the stationary z-axis and
6 is the rotation around the stationary y-axis before the ¢ rotation. This feature is supported in the high performance
power operation mode for all sample rates and in the low power operation mode for the sample rates from 12.5 Hz to
the maximum supported sample rate, see Table 19.
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Figure 16: Definition of the default coordinate system with respect to pin 1 marker

The measured acceleration vector components for the default configuration reads as follows:

ay =1g-sinf-cosgp (5.3)
ay=—1g-sinf -sing (5.4)
a, =1g-cosf (5.5)
i = _tan¢ (5-6)
ax

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well Document number: BST-BMI323-DS000-10
as in the event of applications for industrial property rights

Downloaded from AFfOW.com.


http://www.arrow.com

Bosch Sensortec | BMI323 Datasheet 40| 224
landdscape loft | portrad upside down | Landscags nght partrat upright landscapas laft
\ \
1 di‘“\\
0.5 ™ pral
o
B 45 a0 135 1 270 315 360
1 \N—‘hnr TR
—— act_x/sin{theta)
13 \ \ acc_ylsinftheta)
2 |
phi
Figure 17: Angle-to-Orientation Mapping
The orientation value is stored in the output register. There are three orientation calculation modes: symmetrical,

high-asymmetrical and low-asymmetrical. The mode can be configured through the EXT.ORIENT_1.mode as denoted in

Table 23.

Orientation mode

EXT.ORIENT_1.mode

Symmetrical

0b00 and 0b11

High asymmetrical

0b01

Low asymmetrical

Ob10

Table 23: Orientation Mode Selection

The output has the meanings depending on the switching mode as stated in the Tables 24, 25 and 26.

Table 24: Symmetrical mode

FEATURE_EVENT_EXT. Name Angle Condition
orientation_portrait_landscape

0b01 landscape left 315° < ¢ < 45° :—i <landay >0
Ob11 landscape right 135° < ¢ < 225° ? <landa, <0
0b10 portrait upside down 45° < ¢ < 135° ? >landay <0
0b00 portrait upright 225° < ¢ < 315° ? >1anda, >0
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Table 25: High Asymmetrical Mode

411224

FEATURE_EVENT_EXT. Name Angle Condition
orientation_portrait_landscape

0b01 landscape left 297° < ¢ < 63° ? <2anda, >0
Ob11 landscape right 117° < p < 243° ? <2anda, <0
0b10 portrait upside down 63° < p < 117° j—’x >2anday <0
0b00 portrait upright 243° < ¢ < 297° 2l>2anday >0

Table 26: Low Asymmetrical Mode

FEATURE_EVENT_EXT. Name Angle Condition
orientation_portrait_landscape

0b01 landscape left 333° < p < 27° ? <05anda >0
Ob11 landscape right 153° < ¢ < 207° ? <05anda, <0
0b10 portrait upside down 27° < p < 153° ? >0.5anday <0
0b00 portrait upright 207° < ¢ < 333° 21>05anda, >0

For upside or downside orientation, the output has to be interpreted according to Table 27.

Table 27: Upside/Downside Definition

FEATURE_EVENT_EXT. Name Angle Condition
orientation_faceup_down

0b0 upside 270° < ¢ < 90° a, >0
Ob1 downside 90° < p < 270° a, <0

Both orientation detections, the portrait/landscape and upside/downside detection, use a hysteresis to avoid frequent
interrupts due to the non-stable states of an assumed orientation, e.g. by hand tremor or noisy environments. The hys-
teresis for orientation detection except portrait upside and portrait downside is configurable and applies to all conditions
as detailed in Tables 28, 29, and 30. The corresponding hysteresis regions are depicted in the Figures 18, 19, and 20.

Table 28: Hysteresis in the symmetrical mode

FEATURE_EVENT_EXT. Name Angle Condition
orientation_portrait_landscape
0b01 landscape left 315°+p, < ¢ < 45°—¢y, | |ay| < |ay] — h and a, >
0
Ob11 landscape right 135° + oy < ¢ < 225° — | |ay| < |a| — h and a <
©n 0
0b10 portrait upside down 45°+opp < ¢ < 135°—¢y, | |ay| > |a, + h and a, <
0
0b00 portrait upright 225° + ¢ < ¢ < 315° — | |ay| > |ay| + h and a, >
%h 0
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Table 29: Hysteresis in the high asymmetrical mode

421224

FEATURE_EVENT_EXT.
orientation_portrait_landscape

Name

Angle

Condition

0b01

landscape left

297°+p < v < 63°—pyp

lay| < 2 (|lay] — h) and
a, >0

Ob11 landscape right 117° + ¢ < ¢ < 243° — | |ay| < 2 (Jax| — h) and
$h a, <0

0b10 portrait upside down 63°+pp < o <117°—¢y | |ay| > 2 -]a + h and
ay <0

0b00 portrait upright 243° + ¢ < <297°— | |ay| > 2 -]a + h and

%h

ay >0

Table 30: Hysteresis in the low asymmetrical mode

FEATURE_EVENT_EXT.
orientation_portrait_landscape

Name

Angle

Condition

0b01

landscape left

333°+p < p < 27°—pp

|ay| < 0.5-(|ay] — h) and
ay >0

Ob11 landscape right 153° + pp < p < 207° — |ay} < 0.5-(|ax| — h) and
¥h ay, <0

0b10 portrait upside down 27°+¢pn < p < 153°—pp |ay} > 0.5-]ay + h and
ay <0

0b00 portrait upright 207° + pp < p < 333° — |ay} > 0.5 |a| + h and

%h

ay >0

Figure 18: Hysteresis in the symmetrical mode
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Figure 19: Hysteresis in the high asymmetrical mode

Figure 20: Hysteresis in the low asymmetrical mode

The hysteresis for detection of portrait upside and portrait downside is fixed to 11.5° which is corresponds to approxi-
mately 200 mg.

Blocking Mode It is be possible to block the notification of an Orientation Detection, that means no orientation change
will be done. The orientation interrupt blocking feature is configurable via the EXT.ORIENT_1.blocking, and has the
meaning defined in Table 31.
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Table 31: Blocking mode options for orientation detection

EXT.ORIENT_1.blocking | Conditions

0b00 Interrupt blocking is disabled

0b01 Interrupt blocked if device close to the horizontal
position OR acceleration of any axis > 1.5g

0b10 same condition as blocking mode 0b01 OR slope >
0.2g

Ob11 same condition as blocking mode O0b10 OR another
change within 100ms

Note: in case the 100 ms interrupt blocking is enabled, the interrupt will be triggered only when the device remains in
the same (stable) orientation until the timer expires after ~100ms. The timer starts to run when no change between
two consecutive samples are detected. If there are changes while the timer count down is still running, the timer will be
restarted.

The flat angle blocking, that is the device is close to the horizontal orientation, is defined by inequality presented in the
Flat Detection section. The flat detection used for the blocking mode is based on the 2g acceleration measurement
range. If any other measurement range than 2g range is selected for the acceleration, the acceleration samples are
saturated before the Flat Detection.

Configuration Settings

1. FEATURE_IOO0.orientation_en — Indicates if this feature is enabled or not

2. EXT.ORIENT_1.ud_en — Face upside/downside enable, in addition to landscape/portrait detection

3. EXT.ORIENT_1.mode — Used for setting which of the following modes are being used: symmetrical, high or low asym-
metrical

4. EXT.ORIENT_1.blocking — Used for setting the blocking mode

5. EXT.ORIENT_1.theta— Coded value of the threshold angle with horizontal used in blocking modes; 1 LSB corresponds
to 64 - (tan (©))*

6. EXT.ORIENT_2.hysteresis — Acceleration hysteresis for Orientation detection

Orientation Output The detected orientation is reported by the three bits:

1. FEATURE_EVENT_EXT.orientation_faceup_down — only available if EXT.ORIENT_l.ud_en is set to Ob1l: then 0bO
means face-up detected while Ob1 means face-down detected
2. FEATURE_EVENT_EXT.orientation_portrait_landscape — the two bits tell the orientation as

a. 0b0O0: portrait upright

b. 0b01: landscape left

c. 0bl10: portrait upside down
d. Obl1l: landscape right

5.8.8 Tap Detection

The device allows the detection of different tap gestures. Supported tap gestures include the single-tap, double-tap and
triple-tap. Each gesture can be individually enabled and disabled as well as reported. Tap gestures can be enabled
or disabled individually by writing Ob1l or Ob0 respectively to dedicated bits FEATURE_IO®.tap_detector_s_tap_en,
FEATURE_I00. tap_detector_d_tap_en and FEATURE_I00.tap_detector_t_tap_en. When a tap gesture is detected,
an event is reported with an interrupt common for single-tap, double-tap and triple-tap. The actual tap gesture reported
can be obtained from the register FEATURE_EVENT_EXT with the bit encoded field values: FEATURE_EVENT_EXT.s_tap,
FEATURE_EVENT_EXT.d_tap, and FEATURE_EVENT_EXT.t_tap. The value of a detected tap gesture is retained in the
FEATURE_EVENT_EXT register until the next gesture detection.
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The dominant sensing axis, along which the tap gesture has to be detected, can be configured using EXT.TAP_1.
axis_sel. By default, EXT.TAP_1.axis_sel is selected to be the z-axis with a value set as 0b10. Depending on the tap
impact and direction, it is also possible to detect performed tap gestures not strictly aligned with the selected axis.

A tap event is a subsequent crossing of a threshold within a configured maximum time limit between the crossings. The
absolute value of the threshold for tap detection is programmable via EXT.TAP_2.tap_peak_thres. The maximum time
window between the threshold crossings is defined by the parameter EXT.TAP_3.max_dur_between_peaks. To suppress
or enable tap detection under noisy operating conditions, the limit on the number of threshold crossings acceptable for
a tap can be configured using EXT.TAP_1.max_peaks_for_tap.

The classification of a tap gesture as a double-tap or triple-tap gesture is dependent on the time window in which the 2nd
or 3rd tap occurs after the first tap. The time boundary is set by EXT.TAP_2.max_gesture_dur. In case of a double-tap
to be detected, the 2nd tap event have to occur within this limit after the first tap. In case of a triple-tap to be detected,
the 2nd and 3rd tap events has to occur within this limit after the first tap.

On detection of a tap gesture, the reporting behavior of the event by the device is determined by the value configured in
EXT.TAP_l.wait_for_timeout:

= EXT.TAP_l.wait_for_timeout set to ObO: the tap gesture event is reported after EXT.TAP_3.
tap_shock_settling_dur. For a performed triple-tap gesture, the single-tap, double-tap and triple-tap event,
when enabled, are all reported.

= EXT.TAP_l.wait_for_timeout set to Obl: depending on the number of taps detected after EXT.TAP_2.
max_gesture_dur duration since the first tap and the tap gesture to be detected, the corresponding tap gesture
is reported. If the performed tap gesture corresponding to the number of taps detected is disabled or the number of
performed taps is greater than three, no event is reported.

Once a tap gesture is reported, the detection of a further gesture is suspended for the “quiet” time requested by the
parameter EXT.TAP_3.quite_time_after_gesture.

The tap detector offers the selection of a detection mode for a tap event with EXT.TAP_1.mode. The detection modes
enable a simple selection of sensitivity levels for tap detection while keeping the values of other configuration parameters
unchanged. Details are given in the memory map at EXT.TAP_1.mode.

The behavior of the tap detector with all supported tap gestures enabled and with EXT.TAP_1.wait_for_timeout set
to 0b0 is shown in Fig. 21. For every detected tap, the corresponding interrupt is reported if the taps occur within
EXT.TAP_2.max_gesture_dur since the first tap.
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Filtered acceleration signal with thresholds

Acceleration

400 -

max_dur_between_peaks
tap_shock_settling_dur
min_quite_dur_between_taps

= .. max_gesture_dur
a 200 M= | R g PR - quite_time_after_gesture
—

: o}

o

=]

= 0

it

<L

L)

g

< -200

-400
-600 | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time [s]
Tap gesture interrupt status, wait_for_timeout = 0
TripleTap -
DoubleTap —
SingleTap -
NoTap
| | | | | | d
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Time [s]

Figure 21: Reporting of tap gesture for EXT.TAP_1.wait_for_timeout = 0b0

The tap detector behavior in case of enabling all supported tap gestures and with EXT.TAP_1.wait_for_timeout set to
Ob1 is depicted in the graphs in Fig. 22. As can be seen there, only the tap detected within EXT.TAP_2.max_gesture_dur
after the first tap is reported.
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Filtered acceleration signal with thresholds

Acceleration

400 -

max_dur_between_peaks

2 tap_shock_settling_dur

A 2 ~ min_quite_dur_between_taps
S < ~. max_gesture_dur

200 £ e i i

_____ = e e quite_time_after_gesture

Acceleration [Isb]
o
] T —
RS
———a=

-200 F { — = T
-400
-600 | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time [s]

Tap gesture interrupt status, wait_for_timeout = 1

TripleTap —

DoubleTap —

SingleTap -

NoTap

| | | | | | d
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time [s]

Figure 22: Reporting of tap gesture for EXT.TAP_1.wait_for_timeout = Obl

This feature is supported in the high performance power operation mode for all sample rates and in the low power
operation mode for the sample rates from 200 Hz to the maximum supported sample rate, see Table 19.

Configuration Settings The configuration parameters for enabling/disabling of feature and adjustment of the behavior
to the application and context are summarized in Table 32.
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Table 32: Configuration parameters of the tap detector

Register/field name Description Default Range
FEATURE_I00.tap_detector_s_tap_en Enable detection of single tap gesture 0 0/1 (dis/en)
FEATURE_IO0. tap_detector_d_tap_en Enable detection of double tap gesture 0 0/1 (dis/en)
FEATURE_I00.tap_detector_t_tap_en Enable detection of triple tap gesture 0 0/1 (dis/en)

EXT.TAP_1.axis_sel Selection of dominant axis for tap 2 Oto?2

gesture detection
EXT.TAP_1l.wait_for_timeout Wait for duration set by 1 0/1 (dis/en)
max_gesture_dur after first tap for
gesture confirmation
EXT.TAP_1.max_peaks_for_tap Maximum number of positive and 6 Oto7
negative threshold crossing for a tap
detection
EXT.TAP_1.mode Tap detection mode 1 Oto2
EXT.TAP_2.tap_peak_thres Magnitude threshold for the peak of 45 0to 1023
tap event
EXT.TAP_2.max_gesture_dur Maximum time duration within which 16 0to 63
2nd and/or 3rd tap have to performed
for gesture classification
EXT.TAP_3.max_dur_between_peaks Maximum duration between positive 4 0to 15
and negative peaks of a tap
EXT.TAP_3.tap_shock_settling_dur Maximum duration for settling of tap 6 O0to 15
shock
EXT.TAP_3.min_quite_dur_between_taps | Minimum quiet time between 2 8 0to 15
consecutive taps
EXT.TAP_3.quite_time_after_gesture Quiet time after gesture reporting 6 Oto 15
when gesture detection is disabled

5.8.9 Tilt Detection

The function and behavior of the Tilt Detector is derived from the Android® specification available via the link https:
//source.android.com/devices/sensors/sensor-types.html#tilt_detector. A tilt interrupt is reported when
the attitude angle of the device changes by a value greater than configured angle threshold. The detection of a tilt of
the device can be enabled by writing Ob1 to FEATURE_I00.tilt_en, otherwise the feature is disabled. This feature is
supported in the high performance power operation mode for all sample rates and in the low power operation mode for
the sample rates from 50 Hz to the maximum supported sample rate, see Table 19.

The minimum angle of tilt for event detection can be configured using EXT.TILT_1.min_tilt_angle. The value for the
threshold for tilt angle set is computed as 256-cos 6. The time interval, in which the gravity acceleration signal vector has
to be estimated, is configured via the parameter EXT.TILT_1.segment_size. The lowpass filtering for the continuous
estimation of the gravity acceleration vector can be configured with parameter EXT.TILT_2.beta_acc_mean.

The feature can be configured to output only the first detected event and ignoring the following events, also known
as one-shot behavior, by setting EXT.GEN_SET_1.event_report_mode as Ob1l. When this configuration is enabled, the
configuration values of EXT.TILT_1.min_tilt_angle are set to 35 degrees and the EXT.TILT_1.segment_size to 2
seconds. When EXT.GEN_SET_1.event_report_mode is set to Ob1, changes to the values of this user configuration have
no impact on the behavior this algorithm.

Example The functional behavior of the tilt detector for default configuration settings is shown in Figure 23.

3 Android is a trademark of Google LLC.
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Figure 23: Functional behavior of tilt detection

The tilt interrupt is triggered when the change of the angle is greater than set threshold independent of the direction of
movement.

Configuration Settings Configuration parameters for enabling and disabling of feature as well as to adapt the behavior
to the application. The available parameters are described in Table 33.
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Table 33: Configuration parameters of the tilt detector

Register/field name Description Default value Range
FEATURE_IO00.tilt_en Enable detection of tilt of the 0 0/1 (disable/enable)
device
EXT.TILT_1.segment_size Time duration for which 100 0 to 255

acceleration vector is averaged
for reference vector

EXT.TILT_l.min_tilt_angle | Minimum angle by which the 210 0to 255
device shall be tilted for event
detection

EXT.TILT_2.beta_acc_mean | Decay coefficient for 61545 0 to 65535

computation of acceleration
vector mean

5.9 General Interrupt Signalling Configuration

The signalling of interrupts to the host is possible via the I3C feature in-band interrupt (IBI) and two electrical pins. When
the protocols SPI and I>C are used, signalling of interrupts to the host is only possible via the INT1 and INT2 pin. IBI can
only be used when the device is connected to the host via I3C. When using the protocol I3C, the IBI feature as well as
the two interrupt pins can be used at the same time to signal interrupts to the host.

Interrupt Mapping and Acknowledgement The mapping of a feature interrupt to a signaling channel can be con-
figured through the registers INT_MAP1 and INT_MAP2. Each feature is mapped exclusively to one of these signalling
channels using the scheme stated in Table 34.

Table 34: Interrupt mapping to signalling channel

Map mode | Behaviour

0b00 Signalling of interrupt disabled
0b01 Signalling of interrupt on INT1 pin
0b10 Signalling of interrupt on INT2 pin
Ob11 Signalling of interrupt via I3C IBI

Once an interrupt is notified to the host via a configured signalling channel, the host can determine the source of
the interrupt through the status bits of the corresponding signalling interface. For each interrupt signalling channel, a
dedicated interrupt status register is present in the register map of the device:

= the INT1 pin has the corresponding status register INT_STATUS_INTI,
= the INT2 pin has the corresponding status register INT_STATUS_INT2, and
= the in-band interrupt feature of I3C has the corresponding status register INT_STATUS_IBI.

It is recommended to separate the interrupts of the feature engine from the basic interrupts (data ready for signals and
FIFO buffer interrupts), as the advanced features signaling pattern could be overruled by the basic interrupts.

Electrical Interrupt Pin Behavior The interrupt pins can be enabled via IO_INT_CTRL.intl_output_en and
IO_INT_CTRL.int2_output_en, respectively. Note: this is not applicable to the I13C IBI feature. Both interrupt pins
INT1 and INT2 can be configured to have the desired

= electrical drive characteristic,
= active level of the interrupt, and
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= interrupt latching.

The characteristic of the output driver of the interrupt pins may be configured with bits T0_INT_CTRL.int1_od and
IO_INT_CTRL.int2_od. By setting these bits to Ob1, the output driver shows open-drive characteristic, by setting the
configuration bits to 0b0, the output driver shows push-pull characteristic.

The interpretation of the active level controlled through the interrupt pin can be configured as either “active-high” or
“active-low” via TO_INT_CTRL.int1_1lvl and IO_INT_CTRL.int2_1lvl, respectively.

The device supports non-latched and latched interrupts modes for data ready, FIFO watermark, FIFO full, error, and
the advanced feature interrupts. The mode is selected by INT_CONF.int_latch. Non-latched interrupts are designed
for systems using edge triggered interrupts while latched interrupts are designed for systems using level-triggered inter-
rupts. In the latched mode, an asserted interrupt status in INT_STATUS_INT1 and the INT1 pin are reset, if the status
register INT_STATUS_INT1 is read. The same applies to an asserted interrupt status in INT_STATUS_INT2 and the INT2
pin, which are reset once the status register INT_STATUS_INT?2 is read. If the interrupt activation condition still holds
when the interrupt is reset, the interrupt status and pin are asserted again. In the non-latched mode, the configured INT1
or INT2 pin is reset as soon as the activation condition is not valid any more:

= for the feature engine based interrupts, the INT1 and INT2 pins are reset after the hold time selected by the host. In
case of the features any-motion, no-motion, flat, orientation, single-tap, double-tap and triple-tap, the INT1/2 pin will
be reset and set again if the hold time is configured to a value less than 20 ms even though the condition is true.

The interrupt status bits are active until read by the host.

5.10 Auto-operation mode change

The auto-operation mode change is a built-in feature to support the smart power management of the device. The
function provides automatic switching among two sets of operation modes for its accelerometer and gyroscope. The
switching is initiated by events of enabled advanced features or by commands sent from the host. In the following,
the one set of configurations consists of ACC_CONF and GYR_CONF for the accelerometer and gyroscope and is called
user configuration. The other set sensor of configurations consists of ALT_ACC_CONF and ALT_GYR_CONF, and is called
alternative configuration.

Switching between the user and alternative configuration is enabled through ALT_CONF.alt_acc_en and ALT_CONF.
alt_gyr_en for the accelerometer and gyroscope, respectively. The conditions to switch from the operation mode
configured can be configured through EXT.ALT_CONFIG_CHG. By selecting one of the advanced features described in
Section 5.8, it can be configure independently

= on the one hand through EXT.ALT_CONFIG_CHG.alt_conf_alt_switch_src_select to switch from the user configu-
ration to the alternative configuration by selecting one of the advanced features with source IDs in Table 35, and

= on the other hand through EXT.ALT_CONFIG_CHG.alt_conf_user_switch_src_select to switch from the alternative
configuration to the user configuration by selecting one of the advanced features with source IDs in Table 35.

Table 35 details the selectable advanced features with respect to the index letter. Please be aware, that if advanced
features are configured for both transitions, that means for the switch from the user to the alternative configuration and
for the switch from the alternative to the user configuration, not the same advanced feature is enabled. If ALT_CONF.
alt_rst_conf_write_en is enabled, the configurations of the sensors can be instantly reset to the user configuration by
directly writing from the host to either ACC_CONF or GYR_CONF.
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Table 35: Advanced feature mapping indices

Feature index

letter | Advanced feature name

A

No motion detection

Any motion detection

Flat detection

Orientation detection

Step detector

Step counter watermark

Significant motion detection

Tilt detection

— IO M mMO0Ol w

Tap detection

5.11 Axis Re-mapping and Sign Inversion

52224

The device supports the re-mapping of the axis and inversion of the sign within the data path. This feature of the device
ensures consistent usage of the acceleration and angular rate signal in the algorithms on the device as well as in the
processing on the host. The re-mapping and sign inversion for the device axis must only be done when the device is
not acquiring data nor computing any advanced feature, e.g. after power up or after a soft reset. The re-mapping and
sign inversion of the device axis is a volatile configuration and, hence, has to be performed always after power up or soft

reset to ensure the same output by the device.

T
I
change axis configuration |

‘ enable the feature angine

alt

[re-map axis]
set EXT.AXIS_MAP_1.axis_map to desired axis configuration

11

alt_

) [switch axis signs]
set EXT.AXIS_MAP_1.invert_x to desired sign of the x axis

set EXT.AXIS_MAP_1.invert_y to desired sign of the y axis

set EXT.AXIS_MAP_1.invert_z to desired sign of the z axis

set CMD to 0x0300

alt / [FEATURE_IO1.error_status != NO_ERROR]

wrong pre-conditions

wait on IRQ line or poll for INT_STATUS_INTx.intx_err_status

read FEATURE_|O1.axis_map_complete

axis_config_result

axis remapping started

T |

wait mapping completed

i

wait on IRQ line or poll for INT_STATUS_INTx.intx_err_status

read FEATURE_IO1.axis_map_complete

axis_config_result

clear user offset and user gain

/ Iaxis_config_result == 0b0]

sleep(100us)

read FEATURE_|O1.axis_map_complete

axis_config_result

read FEATURE_IO1.error_state

axis_config_result

configuration updated with result axis_config_result’

Figure 24: Sequence to perform the axis re-mapping and sign version

The desired configuration for the axis re-mapping and sign inversion has to be written to EXT.AXIS_MAP_1 before sending
the command 0x0300 to the register CMD. The mapping of the default axis configuration to the desired axis configuration
can be done writing the map code to EXT.AXIS_MAP_1.axis_map. The sign inversion of the axis, which can be interpreted
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as an axis flip, can be configured for each axis individually by toggling the default value Ob0 to Ob1 in EXT.AXIS_MAP_1.
invert_x, EXT.AXIS_MAP_1.invert_y or EXT.AXIS_MAP_1.invert_z, respectively. After the update of this configuration,
the desired axis re-mapping and sign inversion can be activated by sending the command 0x0300 to the register CMD.
The success or failure of the axis re-mapping can be determined by

= monitoring the interrupt err_status via an interrupt pin or 13C IBI, and
= polling the register FEATURE_IO1 and checking the values in the fields FEATURE_IOl.axis_map_complete and
FEATURE_IOl.error_status.

Any configuration of the device must not be changed until the completion of the axis re-mapping and sign inversion is
signalled. This procedure will clear the data path gain and offset values. The gain and offset for accelerometer and
gyroscope have to be saved before power down or soft-reset, and they can only be re-applied after power-up and after
performing again an axis re-mapping and sign inversion.

Configuration Settings

CMD - perform the axis re-mapping and sign inversion by sending the code 0x0300
EXT.AXIS_MAP_1.axis_map — mapping of the default axes configuration to the user configuration
EXT.AXIS_MAP_1.invert_x — inversion of the x axis in user configuration
EXT.AXIS_MAP_1.invert_y — inversion of the y axis in user configuration
EXT.AXIS_MAP_1.invert_z — inversion of the z axis in user configuration

agpwNdR

5.12 User offset and sensitivity error update

The compensation of the offset and sensitivity error observed in the field, e.g. due to soldering, is strongly recommended
to be applied on the host. Values for compensation have to be determined on the host except for the case of using
gyroscope self-calibration provided from within the device. Compensation on the host is recommended because the
values must be stored on the host since the device does not provide means to store these within non-volatile memory of
the device. In case it is desired to output the calibrated signal of the accelerometer and gyroscope by the device itself,
the device provides the user with dedicated means to perform compensation with values provided by the user. To obtain
the expected output signal s, where s is either the acceleration a or the angular rate w, the offset and sensitivity error
must be estimated on the host according to the model

Scal,{x;y;z} = 8{x;y;z} * Suncal,{x;y;z} T Ofx;y;z} > (5.7)

where 0 = (0, 0y,0,) and g = (g, 8y, 8,) are the user offset and user sensitivity error of the signal synca, respec-
tively. Then, the user sensitivity error and the user offset values can be written by the user directly to registers for the
accelerometer and gyroscope. These registers are:

= for the accelerometer:

= user offset ACC_DP_OFF_X, ACC_DP_OFF_Y, and ACC_DP_OFF_Z
= user sensitivity error ACC_DP_DGAIN_X, ACC_DP_DGAIN_Y, and ACC_DP_DGAIN_Z
= for the gyroscope:

= user offset GYR_DP_OFF_X, GYR_DP_OFF_Y, and GYR_DP_OFF_Z
= user sensitivity error GYR_DP_DGAIN_X, GYR_DP_DGAIN_Y, and GYR_DP_DGAIN_Z

It is strongly recommended to update the registers only when the sensors, that means accelerometer and gyroscope,
are disabled to avoid settling of the respective signal, that means either accelerometer or gyroscope, after the values
are updated.

Note: the self-calibration for the gyroscope described in section 5.13 can write, depending on the configuration, directly
into the registers for compensation of user offset and/or user sensitivity error for the gyroscope. The user must take care
of saving these values on the host and either perform compensation on the host or by the device through writing the
values for user sensitivity error and user offset registers for the gyroscope after each power-on-reset and soft-reset.
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Note: as a prerequisite for self-calibration, gyroscope user offset and user sensitivity error registers must be cleared out
before each self-calibration execution.

5.13 Self Calibration (CRT)

The device offers self-calibration for the gyroscope sensitivity error and the gyroscope offset. Self-calibration to reduce
the gyroscope sensitivity error is also known as component re-trim (CRT).

Configuration of the Self Calibration The self-calibration sequence can be configured with EXT.GYR_SC_SELECT.
sens_en and EXT.GYR_SC_SELECT.offs_en to calibrate either both gyroscope sensitivity error and gyroscope offset
or only one of them. If both gyroscope characteristics are desired to be calibrated, the device is calibrated first for
the gyroscope sensitivity error followed by the gyroscope offset. The default configuration of calibrating both gyro-
scope characteristics can be changed by writing 0b0 to EXT.GYR_SC_SELECT.sens_en or EXT.GYR_SC_SELECT.offs_en.
By default, the results of the self-calibration are written to data path registers GYR_DP_DGAIN_X, GYR_DP_DGAIN_Y and
GYR_DP_DGAIN_Z for the sensitivity error and GYR_DP_OFF_X, GYR_DP_OFF_Y and GYR_DP_OFF_Z for the offset. By setting
EXT.GYR_SC_SELECT. apply_corr to 0b0, the update of the data path registers can be suppressed.

The device monitors the motion that is imposed by the context onto the device. The sensitivity of this motion detection
can be configured through EXT.GYR_MOT_DET.slope. Note: this configuration of the detection of any motion is also used
by the device self test.

Prerequisites for the Self Calibration Before initiating the self-calibration, it should be checked for an on-going self-
calibration or self-test by reading FEATURE_IO01.state. When the value is 0b00, a self-calibration can be initiated. As
long as FEATURE_IO1.state is not Ob0O, this bit shall be polled by re-reading until the value turns to 0b00. To start
a self-calibration, the accelerometer is required to be enabled (already) in high performance mode with a sample rate
ACC_CONF . acc_odr preferred in the range of 25 Hz up to 200 Hz. The alternative sensor configurations for accelerometer
and gyroscope must be disabled by setting ALT_ACC_CONF.alt_acc_mode and ALT_GYR_CONF.alt_gyr_mode to ObO,
respectively. Then, a self-calibration can be initiated. Note: if the command for a self-calibration is sent once or multiple
times while FEATURE_IO1.state has the value 0b01, 0b10 and Ob11, the command is ignored.

Execution of the Self Calibration The device shall be kept in a still orientation while the self-calibration is running and
shall not be exposed to noise and distortion. The self calibration can be started by writing 0x0101 to the register CMD.
After initiating the self-calibration, the device shall not be re-configured until the end of self-calibration procedure is
reported.

The start of the self-calibration disables immediately the output of gyroscope sensor samples (data). During the execu-
tion of the self-calibration, the gyroscope sensor output in the data registers as well as in the FIFO data buffer is invalid,
however, accelerometer output is still valid. The output of any previously enabled advanced features of Section 5.8 will
still be provided during self-calibration. The duration of the self-calibration for standard settings is approximately 350 ms
for the measurement of the re-scaling for the angular rate and 80 ms for the gyroscope offset measurement.

The state of the self-calibration can be determined by checking FEATURE_IO1.sc_st_complete. An ongoing self-
calibration is reflected by 0b0 while 0b1 is reported when it is completed. An ongoing self-calibration is also reflected
in the register field FEATURE_IO1.state with the value 0b01. The completion of the self-calibration is also reported
in FEATURE_IO1.error_status with the value 0x5. The success of the self-calibration is reported in the register field
FEATURE_IO01.gyro_sc_result with Ob1, a failure with Ob0. Depending on the configuration EXT.GYR_SC_SELECT.
apply_corr of the self-calibration, the data path registers are updated automatically. The sequence of executing the
self-calibration is summarized in Figure 25.
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CMD 0x0101 (self-calibration)

Y

55224

t [FEATURE_IO1.error_status != NO_ERROR]

wrong pre-conditions

wait on IRQ line or poll for INT_STATUS_INTx.intx_err_status

read FEATURE_IO1

Y

T AT RE O e

check FEATURE_IO1.error_status

| ERROR]

gyroscope self-calibration started

wait until self-calibration complete

wait on IRQ line or poll for INT_STATUS_INTx.intx_err_status

read FEATURE_IO1

FEATURE_IO1

check FEATURE_IO1.sc_st_complete,
FEATURE_IO1.gyro_sc_result
and in error case FEATURE_IO1.error_status

-

Figure 25: Self-Calibration Start Sequence

Note: the results of the self-calibration in the data path registers should to be saved by the host to a non-volatile storage
to allow restoring them after a power down or soft reset of the device.

Abort the Self Calibration A running self-calibration can be aborted by sending the command 0x0200 to CMD.
Then, FEATURE_IO1.state can be checked for any state different than 0b01 and the device reports in FEATURE_IO1.
error_status the value 0x9. The sequence to abort the self-calibration is detailed in Figure 26.
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CMD 0x0101 (self-calibration) |

Y

alt [FEATURE_IO1.error_status != NO_ERROR]

wrong pre-conditions

wait on IRQ line or poll for INT_STATUS_INTx.intx_err_status

read FEATURE_IO1

e FEATURE 1O e |
check FEATURE_IO1.error_status :
|
INO| ERROR] 7 e
’ gyroscope self-calibration started %
CMD 0x200 (self-calibration abort) o
’ wait until self-calib aborted %

wait on IRQ line or poll for INT_STATUS_INTx.intx_err_status

read FEATURE_IO1

FEATURE_IO1

[l
check FEATURE_IO1.sc_st_complete, |
FEATURE_IO1.gyro_sc_result !
and in error case FEATURE_IO1.error_status |
|

|

[l

|

-

Figure 26: Self-Calibration Abortion Sequence

5.14 Self Test

The self-test of the device checks for a correct function of the accelerometer as well as the gyroscope. The execution of
the self-test expects the following prerequisites to be fulfilled:

= for the gyroscope self-test, the accelerometer must be configured to high performance mode at least, and

= the alternative sensor configurations for accelerometer and gyroscope must be disabled by setting ALT_ACC_CONF.
alt_acc_mode and ALT_GYR_CONF.alt_gyr_mode to 0bO, respectively.

The self-test for the accelerometer and the gyroscope is initiated by writing the command 0x0100 to the register CMD. It is
possible to configure the self test to check only the accelerometer or the gyroscope by disabling either the gyroscope with
EXT.ST_SELECT.gyr_st_en to Ob0 or the accelerometer with EXT.ST_SELECT.acc_st_en to 0b0, respectively. Depending
on the configuration, the self test takes from 100 ms for the only the accelerometer up to 350 ms for both sensors.

Once a self test is initiated, the output of data of the device to the registers and FIFO data buffer as well as all features
are disabled. While the self-test is in progress, the host is not allowed to modify the configuration of the device. The
device reports in the register field FEATURE_I01.sc_st_complete with Ob1l when the self-test is completed. The result
of the self-test can be determined by evaulating the register field FEATURE_I01.st_result. In case the self-test failed,
detailed information about the sensor and axis causing the failure can be obtained by reading from EXT.ST_RESULT. After
a completed self test, a soft reset or power cycle of the device is not required.

The device monitors the motion the device is exposed to while executing the self-test. The sensitivity of this motion
detection can be configured through EXT.GYR_MOT_DET.slope. Note: this configuration of the detection of any motion is
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also used by the device self calibration.

5.15 I3C Timing Control

The device supports time control modes as defined by the MIPI I3CSM standard. As defined by the 13C specification,
the device supports timing control for both synchronous systems and events called synchronous mode as well as for
asynchronous systems and events called asynchronous basic mode. The modes can be configured, entered, and left
using I3C common command codes (CCCs).

Mode for Asynchronous Systems and Events The device supports the asynchronous basic mode of timing con-
trol (asynchronous mode 0) as defined in the MIPI I3CSM specification. For entering the asynchronous mode 0, the
host sends the CCC SETXTIME with the defining byte OxDF. For exiting the asynchronous mode 0, the host sends the
CCC SETXTIME with sub-command OxFF.

Mode for Synchronous Systems and Events The main idea of the synchronous mode is to configure the sensor for
synchronization first and then issue periodically synchronization messages to keep the sensor device synchronized with
the host device. The data ready interrupts of accelerometer, gyroscope and temperature sensor are aligned with respect
to sample rate and phase. The synchronization process is divided into the two phases configuration and run-time. Note:
this mode

= cannot be used together with when the automatic operation mode switch is enabled,
= cannot be enabled while a self-test is ongoing, and
= aborts an on-going self-calibration when this mode is enabled.

Note: if a self-test is in progress while this mode is requested to be enabled, the synchronous timing control will be
enabled only after the self-test is finished.

The mode for synchronous systems and events has to be configured for the serial interface with the CCC SETXTIME, and
the data processing control FEATURE_I00.i3c_sync_en. To have the serial interface entering the synchronous mode,
the host sends the CCC SETXTIME with any of the sub-command 0x3F, 0x9F, or 0x8F. The argument of the subcommand
is ignored, if the device is not in the synchronous mode. To enter the timing control in synchronous mode and to set the
time period and the phase value OXABCD, the host needs to send the two CCCs SETXTIME Ox3F|0x9F|0x8F followed by
two dummy bytes and then SETXTIME 0x3F OxABCD. Another possibility for the host to configure the synchronous mode
is to read or write the synchronous mode parameters T_Ph, TU, and ODR directly via the registers I3C_TC_SYNC_TPH,
I3C_TC_SYNC_TU, and I3C_TC_SYNC_ODR, respectively. Before sending I3C synchronization messages, the synchronous
mode needs to be enabled for the data processing by setting FEATURE_I00.1i3c_sync_en to Obl. For exiting the syn-
chronous mode, the host sets FEATURE_I00.1i3c_sync_en to Ob0 to disable the I3C data processing and sends the CCC
SETXTIME with sub-command OxFF to control the serial interface of the device.

Configuration During the configuration phase the parameters sample rate (ODR), time period and phase (T_Ph) and
time unit (TU) have to be configured by the host:

ODR The ODR command selects the enforced ODR. The payload of this command consists of one byte. The format of
the ODR payload equals the ACC_CONF.acc_odr register. The minimum and maximum configurable sample rate
for synchronous timing control is in the range of 6.25 Hz up to 800 Hz. If the configuration is selected beyond this
range, the default sample rate of 100 Hz is configured. Example: ODR payload = 0x8 means 100 Hz.

T_ph The time period and phase (T_ph) command provides the number of samples that are included between two
successive synchronization messages.

TU The TU command configures the resolution ratio of the delay, given by DT command.

During the configuration phase the command ODR, TPH and TU are updated by the CCC SETXTIME in I3C mode.
The host is allowed to alter I3C_TC_SYNC_TPH, I3C_TC_SYNC_TU, and I3C_TC_SYNC_ODR whenever required at any time.
However, the new values take effect only active after sending configuration change command 0x201 for synchronous
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timing control to the register CMD. With a ST or DT message, any change of the configuration will become effective for
this device.

Before entering the Runtime phase, the sync for sensor feature must be enabled by FEATURE_I0®.i3c_sync_en.

Note: while timing control synchronous is enabled, the configuration of the sample rate of the accelerometer and gy-
roscope must not be modified through ACC_CONF.acc_odr and GYR_CONF.gyr_odr, respectively. Any change to these
values is ignored and will be overwritten by the device, and this is reported in FEATURE_IO1.error_status with a value
of OxF. The configuration of the sample rate has to be done either through the register I3C_TC_SYNC_ODR or the corre-
sponding CCC.

Run Time Operation In the run-time phase, the host issues periodically synchronization messages to the sensor.
These messages consist of two inter-related commands. First, the ST command selects a START event as reference
for calculating the next synchronization period. Afterwards the DT command is sent by the host validating the ST and
providing a delay time information to adjust the START event. If both commands are received, the sensor can update its
clock parameters.

ST The sync tick command identifies the transaction START event. It has no payload.

DT The DT command delivers the delay time between the ST message and the correct START moment. It has one byte
of payload. The MSB of the payload indicates that the delay time is valid (0) or that this sync procedure is aborted
(1). If the delay is valid, the remaining 7 bits indicate the number of resolution steps between ST and the correct
START event, see the description of TU.

For a more detailed description of the synchronization protocol see the MIPI I3CSM specification.

ODR Configuration Error The synchronous mode feature will operate in the correct manner only when the user
follows the constraints on the supported sample rates. The device checks continuously for matching values of sample
rates. If the value for one of the signals acceleration, angular rate or temperature is not within the limits, the i3c_error bit
is set. The conditions for return an I3C error for an invalid sample rate (ODR) is detailed in Figure 27.

N9 13C time control sync enabled? yes
return no 13C error

[return no I13C error] (return 13C error]
> <
e i

return I3C error

Figure 27: Conditions for I3C Sample Rate (ODR) Configuration Errors

Output Details After enabling the synchronous timing control feature for I3C, the sensor data is available in the
FIFO data buffer. Furthermore, the current valid sample set can be obtained via the extended register map from
EXT.SYNC_ACC_X to EXT.SYNC_TIME. No valid data will be available in data registers ACC_DATA_X to TEMP_DATA. The
format of the data in the FIFO data buffer is the same as in any other mode. That means, sensors that are not enabled
will not appear in the FIFO data frame, see Section. 5.7.
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5.16 Device Status

The device reports its status through

= the register ERR_REG for hardware errors:
= |llegal configurations in the registers ACC_CONF and GYR_CONF will result in an error code in the fields ERR_REG.
acc_conf_err and ERR_REG.gyr_conf_err, respectively. In this case, the content of the corresponding data
register is undefined. For details, please refer to Section 5.6.
= |3C errors are reported with ERR_REG.i3c_error® and ERR_REG.i3c_error3. For details, please refer to Sec-
tion 7.2.4.
= the register STATUS for availability information: for details, please check Section 5.6.
= the register FEATURE_IO_STATUS for advanced feature information
= the register FEATURE_DATA_STATUS for the status of the configuration interface for the advanced features
= the register FEATURE_ENGINE_STATUS for hardware errors of the feature engine

Reserved bits in these registers are for Bosch Sensortec internal purposes only and can be ignored safely.

5.17 Soft Reset

A soft reset can be initiated at any time by writing the command softreset OXDEAF to the register CMD. The softreset
performs a fundamental reset to the device which is largely equivalent to a power cycle. Following a delay, all user
configuration settings are overwritten with their default state wherever applicable. To access the serial interface with any
of the protocols SPI, I3C or I2C after a soft reset, the same timing constraints apply as for power on, see Chapter 3 for
details.
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6 Memory Map

The device can be operated for all standard features directly through registers. The registers are described in the register
map in Section 6.1. The configuration and extended outputs of the advanced features provided by the feature engine
can be accessed through the extended register map. The layout of the extended registers is described in Section 6.2.

For all data read from registers, content marked as reserved must be ignored. If only the first byte of a register contains
non-reserved data, the upper byte is not required to be read.

When performing an update of a register with fields marked as reserved (partial update), a read-modify-write approach
has to be followed to write the content of a register. That means, for a write access to a register with reserved content,
the whole register must be read, then the desired content must be updated and the content written (back) to the register
to avoid overwriting the reserved part with undefined content. This is especially important for the extended register map
where many configurations are located.

6.1 Register Map Description

The description of the register map is split into the overview of the register map and a detailed description for each regis-
ter. The usage of the registers FEATURE_IO® to FEATURE_IO3 together with the register FEATURE_IO_STATUS is explained
in Section. 5.8. The access to the extended register map through the registers FEATURE_DATA_ADDR, FEATURE_DATA_TX
and FEATURE_DATA_STATUS is explained in Section 6.2.
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6.1.1 Register Map Overview
Table 36 provides an overview of the register map of the device.
Table 36: Register map overview
Legend Read-only Read/Write Write-only Reserved
Addr Name 5;5“ e: bitl5 | bit14 | bit13 | bit12 | bitll | bitl0 | bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
0x00 CHIP_ID 0x0043 reserved chip_id
0x01 ERR_REG 0x0000 reserved | i3c_er... | reserved | i3c_er... | reserved | 8Yr_co... | acc_co... | feat_e... | reserved | feat_e... | reserved | fatal_err
0x02 STATUS 0x0001 reserved drdy_acc | drdy_gyr |drdy_temp reserved por_de...
0x03 ACC_DATA_X 0x8000 acc_x
0x04 ACC_DATA_Y 0x8000 accy
0x05 ACC_DATA_Z 0x8000 —
0x06 GYR_DATA_X 0x8000 gyr_x
0x07 GYR_DATA_Y 0x8000 gyr.y
0x08 GYR_DATA_Z 0x8000 gyr_z
0x09 TEMP_DATA 0x8000 temp_data
0x0A SENSOR_TIME_O 0x0000 sensor_time_15_0
0x0B SENSOR_TIME_1 0x0000 sensor_time_31_16
0x0C SAT_FLAGS 0x0000 reserved satf_g... | satf_g... | satf_g... | satf_a.. | satf_a.. | satff_a...
0x0D INT_STATUS_INT1 0x0000 | intl_f.. | intl_fwm | intl_a.. | intl_g... intl_t... intl_e... | intl_i3c | intl_tap intl_tilt intl_s... | intl_s... | intl_s... | intl_o... | intl_flat | intl_a... | intl_n...
0x0E INT_STATUS_INT2 0x0000 | int2_f... | int2_fwm | int2_a... | int2_g... | int2_t.. | int2_e... | int2_i3c | int2_tap | int2_tilt | int2_s... | int2_s... | int2_s... | int2_o... | int2_flat | int2_a... | int2_n...
OxOF INT_STATUS_IBI 0x0000 | ibi_ffull | ibi_fwm | ibi_ac... | ibi_gy... | ibi_te... ibi_er... ibi_i3c ibi_tap ibi_tilt ibi_si... ibi_st... ibi_st... ibi_or... ibi_flat ibi_an... | ibi_no...
0x10 FEATURE_IO00 0x0000 | i3c_sy... | tap_de... | tap_de... | tap_de... | tilt_en | sig_mo... | step_c... | step_d... | orienta... | flat_en [any_mo...|any_mo... | any_mo... [ no_mot... | no_mot... | no_mot...
0x11 FEATURE_IO1 0x0000 reserved state axis_m... reserved sample:. | st result | 8yro_s... | sc_st:. error_status
0x12 FEATURE_I02 0x0000 step_counter_out_0
0x13 FEATURE_I03 0x0000 step_counter_out_1
0x14 FEATURE_IO_STATUS 0x0018 reserved feature...
0x15 FIFO_FILL_LEVEL 0x0000 reserved fifo_fill_level
0x16 FIFO_DATA 0x0000 fifo_data
- - reserved
0x20 ACC_CONF 0x0028 | reserved acc_mode reserved acc_avg_num acc_bw acc_range acc_odr
0x21 GYR_CONF 0x0048 | reserved gyr_mode reserved gyr_avg_num gyr_bw gyr_range gyr_odr
- - reserved
0x28 ALT_ACC_CONF 0x3206 | reserved alt_acc_mode reserved alt_acc_avg_num reserved alt_acc_odr
0x29 ALT_GYR_CONF 0x1206 | reserved alt_gyr_mode reserved alt_gyr_avg_num reserved alt_gyr_odr
0x2A ALT_CONF 0x0000 reserved alt_rs... reserved alt_gy... reserved alt_ac...
0x2B ALT_STATUS 0x0000 reserved alt_gy... reserved alt_ac...
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Table 36: Register map overview (continued)

Legend

adar | wame | Ueeet] b | b | biud | biua | bt | bieo | b | bie | big | b6 | bis | b | b | b | b | o
value
I

I0_INT_CTRL
I N

0:0000
00000
00000

FEATURE_DATA_STATUS 0x0000

I N

0x0000
I

] -
0:0000
I D
0:0000
0:0000
0x000A
10 12 17
00000

I R
0x0000
0x0000

0x0000
020000

2
1
2
1 |
0x0000
5
6
7
9

_| _Y
0x0000
0x0000
0x0000
_ _Y
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Table 36: Register map overview (continued)

Legend
Reset .
Addr Name bit7

value

0x70 I3C_TC_SYNC_TPH 0x0000

0x71 I3C_TC_SYNC_TU 0x0000

0x72 I3C_TC_SYNC_ODR 0x0000

Ox7E CMD 0x0000

Ox7F CFG_RES 0x0000
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6.1.2 Register Map Details

Register (0x00) chip_id
Description: Device identification code. Only bits 0 to 7 contain valid information, the contents of bits 8 to 15 must be

ignored.

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 1 0 0 0 0 1 1
Value

Content chip_id

= reserved:write 0x0.
= CHIP_ID.chip_id: (bit offset: 0, bit width: 8) Chip identifier
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Register (0x01) err_reg
Description: Reports sensor error conditions
Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R/W R R R/W
Reset 0 0 0 0 0 0 0 0
Value
Content reserved i3c_er... reserved i3c_er...
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R/W R R/W R R
Reset 0 0 0 0 0 0 0 0
Value
Content reserved gyr_co... acc_co... feat_e... reserved feat_e... reserved fatal_err

= reserved:write 0x0.

ERR_REG. fatal_err: (bit offset: 0, bit width: 1) Fatal Error, chip is not in operational state (Boot-, power-system).
This flag will be reset only by power-on-reset or softreset.

ERR_REG. feat_eng_ovrld: (bit offset: 2, bit width: 1) Overload of the feature engine detected. This flag is clear-on-
read.

ERR_REG.feat_eng_wd: (bit offset: 4, bit width: 1) Watchdog timer of the feature engine triggered. This flag is
clear-on-read.

ERR_REG.acc_conf_err: (bit offset: 5, bit width: 1) Unsupported accelerometer configuration set by user. This flag
will be reset when configuration has been corrected.

ERR_REG.gyr_conf_err: (bit offset: 6, bit width: 1) Unsupported gyroscope configuration set by user. This flag will
be reset when configuration has been corrected.

ERR_REG.i3c_error®: (bit offset: 8, bit width: 1) SDR parity error or read abort condition (maximum clock stall time
for I3C Read Trasfer) occurred. This flag is a clear-on-read type. It is cleared automatically once read. Refer to the
MIPI 13C specification chapter 'Master Clock Stalling’ for detail info regarding the read abort condition.
ERR_REG.i3c_error3: (bit offset: 11, bit width: 1) SO/S1 error occurred. When S0/S1 error occurs, the slave will
recover automatically after 60 us as if we see a HDR-exit pattern on the bus while the flag will persist for notification

purpose. This flag is clear-on-read type. It is cleared automatically once read.
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Register (0x02) status
Description: Sensor status flags
Bit 15 14 13 12 11 10 8
Read/Write R R R R R R R
Reset 0 0 0 0 0 0 0
Value
Content reserved
Bit 7 6 5 4 3 2 0
Read/Write R/W R/W R/W R R R R/W
Reset 0 0 0 0 0 0 1
Value
Content drdy_acc drdy_gyr | drdy_temp reserved por_de...

= reserved:write 0x0.

= STATUS.por_detected: (bit offset: 0, bit width: 1) "1’ after device power up or soft-reset. This flag is clear-on-read.
= STATUS.drdy_temp: (bit offset: 5, bit width: 1) Data ready for Temperature. This flag is clear-on-read.

= STATUS.drdy_gyr: (bit offset: 6, bit width: 1) Data ready for Gyroscope. This flag is clear-on-read.

= STATUS.drdy_acc: (bit offset: 7, bit width: 1) Data ready for Accelerometer. This flag is clear-on-read.

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well
as in the event of applications for industrial property rights

Document number: BST-BMI323-DS000-10

Downloaded from AFFOW.Com.


http://www.arrow.com

B 2 WD TTTTTT——
Bosch Sensortec | BMI323 Datasheet 671224

Register (0x03) acc_data_x
Description: Acceleration sample, x channel in the default axes configuration

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 1 0 0 0 0 0 0 0
Value

Content acc_x

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content acc_x

= ACC_DATA_X.acc_x: (bit offset: 0, bit width: 16)
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Register (0x04) acc_data_y
Description: Acceleration sample, y channel in the default axes configuration

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 1 0 0 0 0 0 0 0
Value

Content acc_y

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content acc_y

= ACC_DATA_Y.acc_y: (bit offset: 0, bit width: 16)
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Register (0x05) acc_data_z
Description: Acceleration sample, z channel in the default axes configuration

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 1 0 0 0 0 0 0 0
Value

Content acc_z

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content acc_z

= ACC_DATA_Z.acc_z: (bit offset: 0, bit width: 16)
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Register (0x06) gyr_data_x
Description: Angular rate sample, x channel in the default axes configuration

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 1 0 0 0 0 0 0 0
Value

Content gyr_x

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content gyr_x

= GYR_DATA_X.gyr_x: (bit offset: 0, bit width: 16)
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Register (0x07) gyr_data_y
Description: Angular rate sample, y channel in the default axes configuration

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 1 0 0 0 0 0 0 0
Value

Content gyr_y

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content gyr_y

= GYR_DATA_Y.gyr_y: (bit offset: 0, bit width: 16)
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Register (0x08) gyr data_z
Description: Angular rate sample, z channel in the default axes configuration

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 1 0 0 0 0 0 0 0
Value

Content gyr_z

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content gyr_z

= GYR_DATA_Z.gyr_z: (bit offset: 0, bit width: 16)
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Register (0x09) temp_data
Description: Temperature Data. The resolution is 512 LSB/K. 0x0000 -> 23°C 0x8000 -> invalid

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 1 0 0 0 0 0 0 0
Value

Content temp_data

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content temp_data

= TEMP_DATA.temp_data: (bit offset: 0, bit width: 16) Temperature value. T (°C) := temp_data/512 + 23
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Register (0x0A) sensor_time_0

Description: Sensor time, least significant word (15:0)

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content sensor_time_15 0

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content sensor_time_15 0

= SENSOR_TIME_O.sensor_time_15_0: (bit offset: O, bit width: 16) Least significant word of the sensor time (15:0)
where 1 LSB corresponds to 39.0625 us
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Register (0x0B) sensor_time_1

Description: Sensor time, most significant word (31:16)

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content sensor_time_31_16

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content sensor_time_31 16

= SENSOR_TIME_1.sensor_time_31_16: (bit offset: 0, bit width: 16) Most significant word of the sensor time (31:16)
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Register (0x0C) sat_flags

Description: Saturation flags for each sensor and axis

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved satf_g... satf_g... satf_g... satf_a... satf_a... satf_a...

= reserved:write 0x0.
= SAT_FLAGS.satf_acc_x: (bit offset: 0, bit width: 1) Saturation flag for the accelerometer x axis in the default axes

configuration

= SAT_FLAGS.satf_acc_y: (bit offset: 1, bit width: 1) Saturation flag for the accelerometer y axis in the default axes
configuration

= SAT_FLAGS.satf_acc_z: (bit offset: 2, bit width: 1) Saturation flag for the accelerometer z axis in the default axes
configuration

= SAT_FLAGS.satf_gyr_x: (bit offset: 3, bit width: 1) Saturation flag for the gyroscope x axis in the default axes
configuration

= SAT_FLAGS.satf_gyr_y: (bit offset: 4, bit width: 1) Saturation flag for the gyroscope y axis in the default axes
configuration

= SAT_FLAGS.satf_gyr_z: (bit offset: 5, bit width: 1) Saturation flag for the gyroscope z axis in the default axes
configuration
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Register (0x0D) int_status_int1l
Description: INT1 Status Register. This register is clear-on-read.

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content intl_f... intl_fwm intl_a... intl_g... intl_t... intl _e... intl_i3c intl_tap
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content intl_tilt intl_s... intl_s... intl_s... intl_o... intl_flat intl_a... intl_n...

= INT_STATUS_INT1.intl_no_motion: (bit offset: 0, bit width: 1) No motion detection output

= INT_STATUS_INT1.intl_any_motion: (bit offset: 1, bit width: 1) Any motion detection output

= INT_STATUS_INT1.intl_flat: (bit offset: 2, bit width: 1) Flat detection output

= INT_STATUS_INT1.intl_orientation: (bit offset: 3, bit width: 1) Orientation detection output

= INT_STATUS_INT1.intl_step_detector: (bit offset: 4, bit width: 1) Step detector output

= INT_STATUS_INT1.intl_step_counter: (bit offset: 5, bit width: 1) Step counter watermark output
= INT_STATUS_INT1.intl_sig_motion: (bit offset: 6, bit width: 1) Sigmotion detection output

= INT_STATUS_INT1.intl_tilt: (bit offset: 7, bit width: 1) Tilt detection output

= INT_STATUS_INT1.int1_tap: (bit offset: 8, bit width: 1) Tap detection output

= INT_STATUS_INT1.intl1_i3c: (bit offset: 9, bit width: 1) I3C tc sync data ready interrupt

= INT_STATUS_INT1.intl_err_status: (bit offset: 10, bit width: 1) Feature engine error or status change
= INT_STATUS_INT1.intl_temp_drdy: (bit offset: 11, bit width: 1) Temperature data ready interrupt
= INT_STATUS_INT1.intl_gyr_drdy: (bit offset: 12, bit width: 1) Gyroscope data ready interrupt

= INT_STATUS_INT1.intl_acc_drdy: (bit offset: 13, bit width: 1) Accelerometer data ready interrupt
= INT_STATUS_INT1.int1l_fwm: (bit offset: 14, bit width: 1) FIFO watermark interrupt

= INT_STATUS_INT1.intl_£ffull: (bit offset: 15, bit width: 1) FIFO full interrupt
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Register (OXOE) int_status_int2
Description: INT2 Status Register. This register is clear-on-read.

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content int2_f... int2_fwm int2_a... int2_g... int2_t... int2_e... int2_i3c int2_tap
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content int2_tilt int2_s... int2_s... int2_s... int2_o... int2_flat int2_a... int2_n...

= INT_STATUS_INT2.int2_no_motion: (bit offset: 0, bit width: 1) No motion detection output

= INT_STATUS_INT2.int2_any_motion: (bit offset: 1, bit width: 1) Any motion detection output

= INT_STATUS_INT2.int2_flat: (bit offset: 2, bit width: 1) Flat detection output

= INT_STATUS_INT2.int2_orientation: (bit offset: 3, bit width: 1) Orientation detection output

= INT_STATUS_INT2.int2_step_detector: (bit offset: 4, bit width: 1) Step detector output

= INT_STATUS_INT2.int2_step_counter: (bit offset: 5, bit width: 1) Step counter watermark output
= INT_STATUS_INT2.int2_sig_motion: (bit offset: 6, bit width: 1) Sigmotion detection output

= INT_STATUS_INT2.int2_tilt: (bit offset: 7, bit width: 1) Tilt detection output

= INT_STATUS_INT2.int2_tap: (bit offset: 8, bit width: 1) Tap detection output

= INT_STATUS_INT2.int2_i3c: (bit offset: 9, bit width: 1) I3C tc sync data ready interrupt

= INT_STATUS_INT2.int2_err_status: (bit offset: 10, bit width: 1) Feature engine error or status change
= INT_STATUS_INT2.int2_temp_drdy: (bit offset: 11, bit width: 1) Temperature data ready interrupt
= INT_STATUS_INT2.int2_gyr_drdy: (bit offset: 12, bit width: 1) Gyroscope data ready interrupt

= INT_STATUS_INT2.int2_acc_drdy: (bit offset: 13, bit width: 1) Accelerometer data ready interrupt
= INT_STATUS_INT2.int2_fwm: (bit offset: 14, bit width: 1) FIFO watermark interrupt

= INT_STATUS_INT2.int2_ffull: (bit offset: 15, bit width: 1) FIFO full interrupt
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Register (0xOF) int_status_ibi
Description: I13C IBI Status Register. This register is clear-on-read.

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content ibi_ffull ibi_fwm ibi_ac... ibi_gy... ibi_te... ibi_er... ibi_i3c ibi_tap
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content ibi_tilt ibi_si... ibi_st... ibi_st... ibi_or... ibi_flat ibi_an... ibi_no...

= INT_STATUS_IBI.ibi_no_motion: (bit offset: 0, bit width: 1) No_motion output

= INT_STATUS_IBI.ibi_any_motion: (bit offset: 1, bit width: 1) Any_motion output

= INT_STATUS_IBI.ibi_flat: (bit offset: 2, bit width: 1) Flat output

= INT_STATUS_IBI.ibi_orientation: (bit offset: 3, bit width: 1) Orientation output

= INT_STATUS_IBI.ibi_step_detector: (bit offset: 4, bit width: 1) Step detector output

= INT_STATUS_IBI.ibi_step_counter: (bit offset: 5, bit width: 1) Step counter watermark output
= INT_STATUS_IBI.ibi_sig_motion: (bit offset: 6, bit width: 1) Sigmotion output

= INT_STATUS_IBI.ibi_tilt: (bit offset: 7, bit width: 1) Tilt output

= INT_STATUS_IBI.ibi_tap: (bit offset: 8, bit width: 1) Tap output

= INT_STATUS_IBI.ibi_i3c: (bit offset: 9, bit width: 1) I3C tc sync data ready interrupt

= INT_STATUS_IBI.ibi_err_status: (bit offset: 10, bit width: 1) Feature engine error or status change
= INT_STATUS_IBI.ibi_temp_drdy: (bit offset: 11, bit width: 1) Temperature data ready interrupt
= INT_STATUS_IBI.ibi_gyr_drdy: (bit offset: 12, bit width: 1) Gyroscope data ready interrupt

= INT_STATUS_IBI.ibi_acc_drdy: (bit offset: 13, bit width: 1) Accelerometer data ready interrupt
= INT_STATUS_IBI.ibi_fwm: (bit offset: 14, bit width: 1) FIFO watermark interrupt

= INT_STATUS_IBI.ibi_£ffull: (bit offset: 15, bit width: 1) FIFO full interrupt
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Register (0x10) feature_io0

Description: Feature engine configuration, before setting/changing an active configuration the register must be cleared

(set to 0)

Bit 15 14 13 12 11 10 9 8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content i3c_sy... tap_de... tap_de... tap_de... tilt_en sig_mo... step_c... step_d...
Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content orienta... flat_en any_mo... | any_mo... | any_mo... | no_mot... | no_mot... | no_mot...

FEATURE_TIO0.
FEATURE_TIO0.
FEATURE_IOO.
FEATURE_IOO0.
FEATURE_TIO0.
FEATURE_TIO0.
FEATURE_IOO.
FEATURE_IOO0.
FEATURE_TIO0.
FEATURE_TIO0.
FEATURE_TIO0.
FEATURE_IOO0.
FEATURE_IO0.
FEATURE_TIO0.
FEATURE_TIO0.
FEATURE_IOO0.

no_motion_x_en: (bit offset: 0, bit width: 1) Enables no motion feature for X-axis
no_motion_y_en: (bit offset: 1, bit width: 1) Enables no motion feature for Y-axis
no_motion_z_en: (bit offset: 2, bit width: 1) Enables no motion feature for Z-axis
any_motion_x_en: (bit offset: 3, bit width: 1) Enables any motion feature for X-axis
any_motion_y_en: (bit offset: 4, bit width: 1) Enables any motion feature for Y-axis
any_motion_z_en: (bit offset: 5, bit width: 1) Enables any motion feature for Z-axis
flat_en: (bit offset: 6, bit width: 1) Enables flat feature

orientation_en: (bit offset: 7, bit width: 1) Enables orientation feature
step_detector_en: (bit offset: 8, bit width: 1) Enables step detector feature
step_counter_en: (bit offset: 9, bit width: 1) Enables step counter feature
sig_motion_en: (bit offset: 10, bit width: 1) Enables significant motion feature
tilt_en: (bit offset: 11, bit width: 1) Enables tilt feature

tap_detector_s_tap_en: (bit offset: 12, bit width: 1) Enables single tap feature
tap_detector_d_tap_en: (bit offset: 13, bit width: 1) Enables double tap feature
tap_detector_t_tap_en: (bit offset: 14, bit width: 1) Enables triple tap feature
i3c_sync_en: (bit offset: 15, bit width: 1) Enables I3C TC-sync feature.
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Register (0x11) feature_iol

Description: Feature engine I/O register 0

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved state axis_m... reserved
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content sample:. | st result | 8yro_s... sc_st.. error_status

= reserved:write 0x0.
= FEATURE_IO1.error_status: (bit offset: 0, bit width: 4) Error and status information
Following values can be set to or read from the field error_status:
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Value

Description

0b0000 (0x0)

Feature engine still inactive

0b0001 (0x1)

Feature engine activated

0b0011 (0x3)

Configuration string download failed

0b0101 (0x5)

No error

Axis map command was not processed because either a sensor was active or

0b0110 (0x6) self-calibration or self-test was ongoing

I3C TC-sync error because either I3C TC-sync enable request was sent while
auto-low-power feature was active or I3C TC-sync configuration command
was sent with invalid TPH, TU and ODR values. For later case, invalid
configuration parameters TPH, TU and ODR will not be used.

0b1000 (0x8)

Ongoing self-calibration (gyroscope only) or self-test (gyroscope only) was
aborted. The command was aborted either due to device movements or due
to the abort command (self-calibration only) or due to a request to enable 13C

TC-sync feature (self-calibration only).

0b1001 (0x9)

Self-calibration (gyroscope only) command ignored because either

0b1010 (0xA) self-calibration or self-test or I3C TC-sync was ongoing

Self-test (accelerometer and/or gyroscope) command ignored because either

01011 (0xB) self-calibration or self-test or I3C TC-sync was ongoing

Self-calibration (gyroscope only) or self-test (accelerometer and/or gyroscope)
command was not processed because pre-conditions were not met. Either
accelerometer was not configured correctly (self-test and self-calibration
gyroscope only) or auto-low-power feature was active.

0b1100 (0xC)

Auto-mode change feature was enabled or illegal sensor configuration change
detected in ACC_CONF/GYR_CONF while self-calibration or self-test was
ongoing. Self-calibration and self-test results may be inaccurate.

0b1101 (0xD)

I3C TC-sync enable request was sent while self-test (accelerometer and/or

0b1110 (OxE) gyroscope) was ongoing. I13C TC-sync will be enabled at the end of self-test.

llegal sensor configuration change detected in ACC_CONF/GYR_CONF
while I3C TC-sync was active. Sensors are re-configured is to requested 13C
TC-sync ODR.

Ob1111 (OxF)

FEATURE_IO1.sc_st_complete: (bit offset: 4, bit width: 1) Self-calibration (gyroscope only) or self-test (accelerome-
ter and/or gyroscope) execution status. 0 indicates that the procedure is ongoing. 1 indicates that the procedure is
completed.

FEATURE_IO1.gyro_sc_result: (bit offset: 5, bit width: 1) Gyroscope self-calibration result (1=0K, 0=Not OK). Bit
sc_st_complete should be 1 prior to reading this bit.

FEATURE_IO1.st_result: (bit offset: 6, bit width: 1) Accelerometer and/or gyroscope self-test result (1=0OK, 0=Not
OK). Bit sc_st_complete should be 1 prior to reading this bit.

FEATURE_IO1.sample_rate_err: (bit offset: 7, bit width: 1) Insufficient sample rate for either 50Hz or 200Hz or 13C
TC-sync feature

FEATURE_IO1.axis_map_complete: (bit offset: 10, bit width: 1) Axis mapping completed

FEATURE_IO1.state: (bit offset: 11, bit width: 2) Current state of the system

Following values can be set to or read from the field state:
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Value Description
0b00 (0x0) System in feature mode
0b01 (0x1) System is executing self-calibration of gyroscope in feature mode
0b10 (0x2) System in self-test mode
0b11 (0x3) System in error mode
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Register (0x12) feature_io2

Description: Feature engine /O register 1

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content step_counter_out_0

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content step_counter_out_0

= FEATURE_IO2.startup_config_0: (bit offset: 0, bit width: 16) Before feature engine enable: Feature engine start-up
configuration

= FEATURE_IO2.step_counter_out_0: (bit offset: 0, bit width: 16) After feature engine enable: Step counter value
word-0 (low word)
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Register (0x13) feature_io3

Description: Feature engine /O register 2

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content step_counter_out_1

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content step_counter_out_1

= FEATURE_IO3.startup_config_1: (bit offset: 0, bit width: 16) Before feature engine enable: Feature engine start-up
configuration

= FEATURE_IO3.step_counter_out_1: (bit offset: 0, bit width: 16) After feature engine enable: Step counter value
word-1 (high word)
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Register (0x14) feature_io_status

Description: Feature I/O synchronization status and trigger

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved feature...

= reserved:write 0x0.
= FEATURE_IO_STATUS. feature_io_status: (bit offset: 0, bit width: 1) On read: data has been written by the feature
engine On write: data written by the host shall be sent to the feature engine
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Register (0x15) fifo_fill_level

Description: FIFO fill state in words

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved fifo_fill_level

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content fifo_fill_level

= reserved:write 0x0.

= FIFO_FILL_LEVEL.fifo_fill_level: (bit offset: 0, bit width: 11) Current fill level of FIFO buffer An empty FIFO
corresponds to 0x000. The word counter may be reset by reading out all frames from the FIFO buffer or when the
FIFO is reset through fifo_flush. The word counter is updated each time a complete frame was read or written.
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Register (0x16) fifo_data

Description: FIFO data output register

Bit 15 14 13 12 11 10 9 8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content fifo_data

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content fifo_data

= FIFO_DATA.fifo_data: (bit offset: 0, bit width: 16) FIFO read data (16 bits) Data format depends on the setting of
register FIFO_CONF. The FIFO data are organized in frames. The new data flag is preserved. Read burst access
must be used, the address will not increment when the read burst reads at the address of FIFO_DATA. When a
frame is only partially read out it is retransmitted including the header at the next readout.
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Register (0x20) acc_conf

Description: Sets the output data rate, bandwidth, range and the mode of the accelerometer

Bit 15 14 13 12 11 10 9 8
Read/Write R R/W R/W R/W R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved acc_mode reserved acc_avg_num

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 1 0 0 0
Value

Content acc_bw acc_range acc_odr

= reserved:write 0x0.
= ACC_CONF.acc_odr: (bit offset: 0, bit width: 4) Sample rate (ODR) in Hz

Following values can be set to or read from the field acc_odr:

Value

Description

0b0001 (0x1)

ODR = 0.78125Hz

0b0010 (0x2)

ODR = 1.5625Hz

0b0011 (0x3) ODR = 3.125Hz
0b0100 (0x4) ODR = 6.25Hz
0b0101 (0x5) ODR = 12.5Hz
0b0110 (0x6) ODR = 25Hz

0b0111 (0x7) ODR = 50Hz

0b1000 (0x8) ODR = 100Hz
0b1001 (0x9) ODR = 200Hz
0b1010 (0xA) ODR = 400Hz
0b1011 (0xB) ODR = 800Hz
0b1100 (0xC) ODR = 1.6kHz
0b1101 (0xD) ODR = 3.2kHz
0b1110 (OxE) ODR = 6.4kHz

= ACC_CONF.acc_range: (bit offset: 4, bit width: 3) Full scale, Resolution

Following values can be set to or read from the field acc_range:
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Value

Description

0b000 (0x0)

+/-2g, 16.38 LSB/mg

0b001 (0x1)

+/-4g, 8.19 LSB/mg

0b010 (0x2)

+/-8g, 4.10 LSB/mg

0b011 (0x3)

+/-16g, 2.05 LSB/mg

= ACC_CONF.acc_buw: (bit offset: 7, bit width: 1) Configure the -3dB cut-off frequency for the accelerometer
Following values can be set to or read from the field acc_bw:

Value Description
0b0 (0x0) BW = acc_odr/2
0b1 (0x1) BW = acc_odr/4

= ACC_CONF.acc_avg_num: (bit offset: 8, bit width: 3) Numbers of samples to be averaged
Following values can be set to or read from the field acc_avg_num:

Value

Description

0b000 (0x0)

No averaging; pass sample without filtering

0b001 (0x1)

Averaging of 2 samples

0b010 (0x2)

Averaging of 4 samples

0b011 (0x3)

Averaging of 8 samples

0b100 (0x4)

Averaging of 16 samples

0b101 (0x5)

Averaging of 32 samples

0b110 (0x6)

Averaging of 64 samples

= ACC_CONF.acc_mode: (bit offset: 12, bit width: 3) Operation modes for the accelerometer
Following values can be set to or read from the field acc_mode:

Value

Description

0b000 (0x0)

Disables the accelerometer

0b011 (0x3)

Enables the accelerometer with sensing operated in duty-cycling

0b100 (0x4)

Enables the accelerometer in a continuous operation mode with reduced
current

Ob111 (0x7)

Enables the accelerometer in high performance mode
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Register (0x21) gyr_conf

Description: Sets the output data rate, bandwidth, range and the mode of the Gyroscope in the sensor

Bit 15 14 13 12 11 10 9 8
Read/Write R R/W R/W R/W R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved gyr_mode reserved gyr_avg_num

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 1 0 0 0
Value

Content gyr_bw gyr_range gyr_odr

= reserved:write 0x0.
= GYR_CONF.gyr_odr: (bit offset: 0, bit width: 4) Sample rate (ODR) in Hz

Following values can be set to or read from the field gyr_odr:

Value

Description

0b0001 (0x1)

ODR = 0.78125Hz

0b0010 (0x2)

ODR = 1.5625Hz

0b0011 (0x3) ODR = 3.125Hz
0b0100 (0x4) ODR = 6.25Hz
0b0101 (0x5) ODR = 12.5Hz
0b0110 (0x6) ODR = 25Hz

0b0111 (0x7) ODR = 50Hz

0b1000 (0x8) ODR = 100Hz
0b1001 (0x9) ODR = 200Hz
0b1010 (0xA) ODR = 400Hz
0b1011 (0xB) ODR = 800Hz
0b1100 (0xC) ODR = 1.6kHz
0b1101 (0xD) ODR = 3.2kHz
0b1110 (OxE) ODR = 6.4kHz

= GYR_CONF.gyr_range: (bit offset: 4, bit width: 3) Full scale, Resolution

Following values can be set to or read from the field gyr_range:
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Value Description
0b000 (0x0) +/-125°/s, 262.144 LSB/°/s
0b001 (0x1) +/-250°/s, 131.072 LSB/°/s
0b010 (0x2) +/-500°/s, 65.536 LSB/°/s
0b011 (0x3) +/-1000°/s, 32.768 LSB/°/s
0b100 (0x4) +/-2000°/s, 16.4 LSB/°/s

= GYR_CONF.gyr_bw: (bit offset: 7, bit width: 1) Configure the -3dB cut-off frequency for the gyroscope
Following values can be set to or read from the field gyr_bw:

Value Description
0b0 (0x0) BW = gyr_odr/2
0b1 (0x1) BW = gyr_odr/4

= GYR_CONF.gyr_avg_num: (bit offset: 8, bit width: 3) Numbers of samples to be averaged
Following values can be set to or read from the field gyr_avg_num:

Value Description
0b000 (0x0) No averaging; pass sample without filtering
0b001 (0x1) averaging of 2 samples
0b010 (0x2) Averaging of 4 samples
0b011 (0x3) Averaging of 8 samples

0b100 (0x4)

Averaging of 16 samples

0b101 (0x5)

Averaging of 32 samples

0b110 (0x6)

Averaging of 64 samples

= GYR_CONF.gyr_mode: (bit offset: 12, bit width: 3) Operation modes for the gyroscope
Following values can be set to or read from the field gyr_mode:

Value

Description

0b000 (0x0)

Disables the gyroscope

0b001 (0x1)

Disables the gyroscope but keep the gyroscope drive enabled

0b011 (0x3)

Enables the gyroscope with sensing operated in duty-cycling

0b100 (0x4)

Enables the gyroscope in a continuous operation mode with reduced current

Ob111 (0x7)

Enables the gyroscope in high performance mode
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Register (0x28) alt_acc_conf

Description: Sets the alternative output data rate, bandwidth, range and the mode of the accelerometer

Bit 15 14 13 12 11 10 9 8
Read/Write R R/W R/W R/W R R/W R/W R/W
Reset 0 0 1 1 0 0 1 0
Value

Content reserved alt_acc_mode reserved alt_acc_avg_num

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R/W R/W R/W R/W
Reset 0 0 0 0 0 1 1 0
Value

Content reserved alt_acc_odr

= reserved:write 0x0.
= ALT_ACC_CONF.alt_acc_odr: (bit offset: 0, bit width: 4) Sample rate (ODR) in Hz

Following values can be set to or read from the field alt_acc_odr:

Value

Description

0b0001 (0x1)

ODR = 0.78125Hz

0b0010 (0x2)

ODR = 1.5625Hz

0b0011 (0x3) ODR = 3.125Hz
0b0100 (0x4) ODR = 6.25Hz
0b0101 (0x5) ODR = 12.5Hz
0b0110 (0x6) ODR = 25Hz

0b0111 (0x7) ODR = 50Hz

0b1000 (0x8) ODR = 100Hz
0b1001 (0x9) ODR = 200Hz
0b1010 (0xA) ODR = 400Hz
0b1011 (0xB) ODR = 800Hz
0b1100 (0xC) ODR = 1.6kHz
0b1101 (0xD) ODR = 3.2kHz
0b1110 (OxE) ODR = 6.4kHz

® ALT_ACC_CONF.alt_acc_avg_num: (bit offset: 8, bit width: 3) Numbers of samples to be averaged
Following values can be set to or read from the field alt_acc_avg _num:

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well
as in the event of applications for industrial property rights

Downloaded from AFFOW.Com.

Document number: BST-BMI323-DS000-10


http://www.arrow.com

Bosch Sensortec | BMI323 Datasheet 941|224
Value Description
0b000 (0x0) No averaging; pass sample without filtering
0b001 (0x1) Averaging of 2 samples
0b010 (0x2) Averaging of 4 samples
0b011 (0x3) Averaging of 8 samples
0b100 (0x4) Averaging of 16 samples
0b101 (0x5) Averaging of 32 samples
0b110 (0x6) Averaging of 64 samples

= ALT_ACC_CONF.alt_acc_mode: (bit offset: 12, bit width: 3) Operation modes for the accelerometer
Following values can be set to or read from the field alt_acc_mode:

Value Description
0b000 (0x0) Disables the accelerometer
0b011 (0x3) Enables the accelerometer with sensing operated in duty-cycling

Enables the accelerometer in a continuous operation mode with reduced
current
0b111 (0x7) Enables the accelerometer in high performance mode

0b100 (0x4)
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Register (0x29) alt_gyr_conf

Description: Sets the alternative output data rate, bandwidth, range and the mode of the gyroscope

Bit 15 14 13 12 11 10 9 8
Read/Write R R/W R/W R/W R R/W R/W R/W
Reset 0 0 0 1 0 0 1 0
Value

Content reserved alt_gyr_mode reserved alt_gyr_avg_num

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R/W R/W R/W R/W
Reset 0 0 0 0 0 1 1 0
Value

Content reserved alt_gyr odr

= reserved:write 0x0.
= ALT_GYR_CONF.alt_gyr_odr: (bit offset: 0, bit width: 4) Sample rate (ODR) in Hz

Following values can be set to or read from the field alt_gyr_odr:

Value

Description

0b0001 (0x1)

ODR = 0.78125Hz

0b0010 (0x2)

ODR = 1.5625Hz

0b0011 (0x3) ODR = 3.125Hz
0b0100 (0x4) ODR = 6.25Hz
0b0101 (0x5) ODR = 12.5Hz
0b0110 (0x6) ODR = 25Hz

0b0111 (0x7) ODR = 50Hz

0b1000 (0x8) ODR = 100Hz
0b1001 (0x9) ODR = 200Hz
0b1010 (0xA) ODR = 400Hz
0b1011 (0xB) ODR = 800Hz
0b1100 (0xC) ODR = 1.6kHz
0b1101 (0xD) ODR = 3.2kHz
0b1110 (OxE) ODR = 6.4kHz

= ALT_GYR_CONF.alt_gyr_avg_num: (bit offset: 8, bit width: 3) Numbers of samples to be averaged
Following values can be set to or read from the field alt_gyr_avg _num:
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Value Description
0b000 (0x0) No averaging; pass sample without filtering
0b001 (0x1) Averaging of 2 samples
0b010 (0x2) Averaging of 4 samples
0b011 (0x3) Averaging of 8 samples
0b100 (0x4) Averaging of 16 samples
0b101 (0x5) Averaging of 32 samples
0b110 (0x6) Averaging of 64 samples

= ALT_GYR_CONF.alt_gyr_mode: (bit offset: 12, bit width: 3) Operation modes for the gyroscope
Following values can be set to or read from the field alt_gyr_mode:

Value Description
0b000 (0x0) Disables the gyroscope
0b001 (0x1) Disables the gyroscope but keep the gyroscope drive enabled
0b011 (0x3) Enables the gyroscope with sensing operated in duty-cycling
0b100 (0x4) Enables the gyroscope in a continuous operation mode with reduced current
Ob111 (0x7) Enables the gyroscope in high performance mode
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Register (0x2A) alt_conf
Description: Alternate configuration control
Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0
Value
Content reserved alt_rs...
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R/W R R R R/W
Reset 0 0 0 0 0 0 0 0
Value
Content reserved alt_gy... reserved alt_ac...

= reserved:write 0x0.

= ALT_CONF.alt_acc_en: (bit offset: 0, bit width: 1) Enables switching possiblility to alternate configuration for ac-

celerometer.

= ALT_CONF.alt_gyr_en: (bit offset: 4, bit width: 1) Enables switching possiblility to alternate configuration for gyro-

scope.

= ALT_CONF.alt_rst_conf_write_en: (bit offset: 8, bit width: 1) If enabled, any write to ACC_CONF or GYR_CONF

will instanly switch back to associated user configuration.
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Register (0x2B) alt_status

Description: Reports the active configuration for the accelerometer and gyroscope

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved alt_gy... reserved alt_ac...

= reserved:write 0x0.

= ALT_STATUS.alt_acc_active: (bit offset: 0, bit width: 1) accel is using ALT_ACC_CONF if set; ACC_CONF other-
wise

= ALT_STATUS.alt_gyr_active: (bit offset: 4, bit width: 1) gyro is using ALT_GYR_CONF if set; GYR_CONF other-
wise
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Register (0x35) fifo_watermark

Description: FIFO watermark level

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved fifo_watermark
Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content fifo_watermark

= reserved:write 0x0.
= FIFO_WATERMARK. fifo_watermark: (bit offset: 0, bit width: 10) Trigger an interrupt when FIFO contains
fifo_watermark words

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well Document number: BST-BMI323-DS000-10
as in the event of applications for industrial property rights

Downloaded from AFFOW.Com.


http://www.arrow.com

Bosch Sensortec | BMI323 Datasheet 100|224
Register (0x36) fifo_conf
Description: Configuration of the FIFO data buffer behaviour

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved fifo_t... fifo_g... fifo_a... fifo_t...
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved fifo_s...

= reserved:write 0x0.

= FIFO_CONF.fifo_stop_on_full: (bit offset: 0, bit width: 1) Configure whether to overwrite oldest samples when the

FIFO data buffer is full

Following values can be set to or read from the field fifo_stop_on_full:

Value Description
0b0 (0x0) Continue writing to the data buffer by overwriting oldest samples
0b1 (0x1) Stop writing into the FIFO data buffer when full

= FIFO_CONF.fifo_time_en: (bit offset: 8, bit width: 1) Write the sensor time into the FIFO data buffer.

Following values can be set to or read from the field fifo_time_en:

Value Description
0b0 (0x0) No sensortime is written
0b1 (0x1) Sensortime is written

= FIFO_CONF.fifo_acc_en: (bit offset: 9, bit width: 1) Write 3D acceleration samples from the accelerometer into the

FIFO data buffer

Following values can be set to or read from the field fifo_acc_en:

Value Description
0b0 (0x0) No accelerometer data is written
0b1 (0x1) Accelerometer data is written

= FIFO_CONF.fifo_gyr_en: (bit offset: 10, bit width: 1) Write 3D angular rate samples from the gyroscope into the

FIFO data buffer
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Following values can be set to or read from the field fifo_gyr _en:

Value Description
0b0 (0x0) No gyroscope data is written
0b1 (0x1) Gyroscope data is written

= FIFO_CONF.fifo_temp_en: (bit offset: 11, bit width: 1) Write temperature samples into the FIFO data buffer
Following values can be set to or read from the field fifo_temp_en:

Value Description
0b0 (0x0) No temperature data is written
0b1 (0x1) Temperature data is written

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well Document number: BST-BMI323-DS000-10
as in the event of applications for industrial property rights

Downloaded from AFFOW.Com.


http://www.arrow.com

B 2 WD TTTTTT——
Bosch Sensortec | BMI323 Datasheet 102 | 224

Register (0x37) fifo_ctrl
Description: Control of the FIFO data buffer

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R w
Reset 0 0 0 0 0 0 0 0
Value

Content reserved fifo_f...

= reserved:write 0x0.
= FIFO_CTRL. fifo_flush: (bit offset: 0, bit width: 1) Writing Ob1 clears the FIFO data buffer.
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Register (0x38) io_int_ctrl

Description: Configures the electrical behavior of the interrupt pins

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved int2_o... int2_od int2_Ivl
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved intl_o... intl_od intl_Ivl

= reserved:write 0x0.
= TO_INT_CTRL.int1_1lvl: (bit offset: 0, bit width: 1) Configure level of INT1 pin
Following values can be set to or read from the field int1_Ivl:

Value Description
0b0 (0x0) active low
0b1 (0x1) active high

= TO_INT_CTRL.int1_od: (bit offset: 1, bit width: 1) Configure behavior of INT1 pin
Following values can be set to or read from the field intl_od:

Value Description
0b0 (0x0) push-pull
0b1 (0x1) open drain

= TO_INT_CTRL.intl_output_en: (bit offset: 2, bit width: 1) Output enable for INT1 pin

= TO_INT_CTRL.int2_lvl: (bit offset: 8, bit width: 1) Configure level of INT2 pin
Following values can be set to or read from the field int2_Ivl:

Value Description
0bO0 (0x0) active low
0b1 (0x1) active high

= TO_INT_CTRL.int2_od: (bit offset: 9, bit width: 1) Configure behavior of INT2 pin
Following values can be set to or read from the field int2_od:
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Value Description
0b0 (0x0) push-pull
0b1 (0x1) open drain

= TO_INT_CTRL.int2_output_en: (bit offset: 10, bit width: 1) Output enable for INT2 pin

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well Document number: BST-BMI323-DS000-10
as in the event of applications for industrial property rights

Downloaded from AFfOW.com.


http://www.arrow.com

D w7 .
Bosch Sensortec | BMI323 Datasheet 105|224

Register (0x39) int_conf
Description: Interrupt Configuration Register.

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved int_latch

= reserved:write 0x0.
= INT_CONF.int_latch: (bit offset: 0, bit width: 1) Configuration of the interrupt clear behaviour as not latched or

permanently latched.
Following values can be set to or read from the field int_latch:

Value Description
0b0 (0x0) non latched
0b1 (0x1) permanent latched
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Description: Mapping of feature engine interrupts to outputs

106 | 224

Bit 15 14 13 12 11 10 9 8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content tilt_out sig_motion_out step_counter_out step_detector_out
Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content orientation_out flat_out any_motion_out no_motion_out

= INT_MAP1.no_motion_out: (bit offset: 0, bit width: 2) Map no motion output to either INT1 or INT2 or IBI

Following values can be set to or read from the field no_motion_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I3C IBI

= INT_MAP1.any_motion_out: (bit offset: 2, bit width: 2) Map any motion output to either INT1 or INT2 or IBI

Following values can be set to or read from the field any_motion_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
Ob11 (0x3) Mapped to I3C IBI

= INT_MAP1.flat_out: (bit offset: 4, bit width: 2) Map flat output to either INT1 or INT2 or IBI
Following values can be set to or read from the field flat_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I13C IBI
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= INT_MAP1.orientation_out: (bit offset: 6, bit width: 2) Map orientation output to either INT1 or INT2 or IBI
Following values can be set to or read from the field orientation_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I13C IBI

= INT_MAP1.step_detector_out: (bit offset: 8, bit width: 2) Map step_detector output to either INT1 or INT2 or IBI
Following values can be set to or read from the field step_detector_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I3C IBI

= INT_MAP1.step_counter_out: (bit offset: 10, bit width: 2) Map step_counter watermark output to either INT1 or
INT2 or IBI
Following values can be set to or read from the field step_counter_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I3C IBI

= INT_MAP1.sig_motion_out: (bit offset: 12, bit width: 2) Map sigmotion output to either INT1 or INT2 or IBI
Following values can be set to or read from the field sig_motion_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I13C IBI

= INT_MAP1.tilt_out: (bit offset: 14, bit width: 2) Map tilt output to either INT1 or INT2 or IBI
Following values can be set to or read from the field tilt_out:
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Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I13C IBI
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Register (0x3B) int_map2

Description: Mapping of feature engine interrupts, data ready interrupts for signals and FIFO buffer interrupts to out-

puts
Bit 15 14 13 12 11 10 9 8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value
Content fifo_full_int fifo_watermark_int acc_drdy_int gyr_drdy_int
Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value
Content temp_drdy_int err_status i3c_out tap_out

= INT_MAP2.tap_out: (bit offset: 0, bit width: 2) Map tap output to either INT1 or INT2 or IBI
Following values can be set to or read from the field tap_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I3C IBI

= INT_MAP2.i3c_out: (bit offset: 2, bit width: 2) Map i3c output to either INT1 or INT2 or IBI
Following values can be set to or read from the field i3c_out:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I3C IBI

= INT_MAP2.err_status: (bit offset: 4, bit width: 2) Map feature engine’s error or status change to either INT1 or INT2
or IBI
Following values can be set to or read from the field err_status:
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Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I13C IBI

= INT_MAP2.temp_drdy_int: (bit offset: 6, bit width: 2) Map temperature data ready interrupt to either INT1 or INT2 or
IBI
Following values can be set to or read from the field temp_drdy _int:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I13C IBI

= INT_MAP2.gyr_drdy_int: (bit offset: 8, bit width: 2) Map gyro data ready interrupt to either INT1 or INT2 or IBI
Following values can be set to or read from the field gyr_drdy_int:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I3C IBI

= INT_MAP2.acc_drdy_int: (bit offset: 10, bit width: 2) Map accel data ready interrupt to either INT1 or INT2 or IBI
Following values can be set to or read from the field acc_drdy_int:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
Ob11 (0x3) Mapped to I3C IBI

= INT_MAP2.fifo_watermark_int: (bit offset: 12, bit width: 2) Map FIFO watermark interrupt to either INT1 or INT2 or
IBI
Following values can be set to or read from the field fifo_watermark_int:
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Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I13C IBI

= INT_MAP2.fifo_full_int: (bit offset: 14, bit width: 2) Map FIFO full interrupt to either INT1 or INT2 or IBI
Following values can be set to or read from the field fifo_full_int:

Value Description
0b00 (0x0) Interrupt disabled
0b01 (0x1) Mapped to INT1
0b10 (0x2) Mapped to INT2
0b11 (0x3) Mapped to I3C IBI
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Register (0x40) feature_ctrl

Description: Feature engine control register

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved engine_en

= reserved:write 0x0.
= FEATURE_CTRL.engine_en: (bit offset: 0, bit width: 1) Enable or disable the feature engine. Note: a soft-reset is
required to re-enable the feature engine.
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Register (0x41) feature_data_addr

Description: Adress register for feature data: configurations and extended output

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved data_address

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content data_address

= reserved:write 0x0.
= FEATURE_DATA_ADDR.data_address: (bit offset: 0, bit width: 11) Start address for the feature data, that is feature
configurations and extended feature output

© Bosch Sensortec GmbH 2024 | All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well Document number: BST-BMI323-DS000-10
as in the event of applications for industrial property rights

Downloaded from AFFOW.Com.


http://www.arrow.com

D w7 .
Bosch Sensortec | BMI323 Datasheet 114 ] 224

Register (0x42) feature_data_tx

Description: /O port for the data values of the feature engine

Bit 15 14 13 12 11 10 9 8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content data_tx_value

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content data_tx_value

= FEATURE_DATA_TX.data_tx_value: (bit offset: 0, bit width: 16) Data port for DMA transfers.
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Register (0x43) feature_data_status

Description: Status of the data access to the feature engine

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved data_t... data_o...

= reserved:write 0x0.
= FEATURE_DATA_STATUS.data_outofbound_err: (bit offset: 0, bit width: 1) Too much data read or written to the
feature engine. Bit will be reset upon next data transfer to or from the feature engine.

= FEATURE_DATA_STATUS.data_tx_ready: (bit offset: 1, bit width: 1) Data is writeable to the feature engine or readable
from the feature engine.
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Register (0x45) feature_engine_status

Description: Status of the feature engine

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved watchdo... | disable... data_t... reserved overload sleep

= reserved:write 0x0.

= FEATURE_ENGINE_STATUS.sleep: (bit offset: 0, bit width: 1) Feature engine halted or sleeping.

= FEATURE_ENGINE_STATUS.overload: (bit offset: 1, bit width: 1) Transfer of data to or from the feature engine is
ongoing.

= FEATURE_ENGINE_STATUS.data_tx_active: (bit offset: 3, bit width: 1) DMA controller has started DMA and DMA
transactions are ongoing

= FEATURE_ENGINE_STATUS.disabled_by_host: (bit offset: 4, bit width: 1) Feature engine was disabled by the host.
Perform a soft-reset to re-enable the feature engine.

= FEATURE_ENGINE_STATUS.watchdog_not_ack: (bit offset: 5, bit width: 1) The feature engine did not acknowledge its
internal watchdog in time. Perform a soft-reset to re-enable the feature engine.
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Register (0x47) feature_event_ext

Description: Register of extended data on feature events. The register content is valid in combination with an active bit
in INT_STATUS_INT1/2

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Value

Content reserved t_tap d_tap s_tap orienta... |orientation_portrait_landscape

= reserved:write 0x0.

= FEATURE_EVENT_EXT.orientation_portrait_landscape: (bit offset: 0, bit width: 2) Output value of the orientation
detection feature. Value after device initialization is 0b00 i.e. Portrait upright
Following values can be set to or read from the field orientation_portrait_landscape:

Value Description
0b00 (0x0) Portrait upright orientation
0b01 (0x1) Landscape left orientation
0b10 (0x2) Portrait upside down orientation
0b11 (0x3) Landscape right orientation

= FEATURE_EVENT_EXT.orientation_faceup_down: (bit offset: 2, bit width: 1) Output value of face down face up
orientation (only if ud_en is enabled). Value after device initialization is 0b0 i.e. Face up
Following values can be set to or read from the field orientation_faceup_down:

Value Description
0b0 (0x0) Face up orientation
Ob1 (0x1) Face down orientation

= FEATURE_EVENT_EXT.s_tap: (bit offset: 3, bit width: 1) Single tap detected
= FEATURE_EVENT_EXT.d_tap: (bit offset: 4, bit width: 1) Double tap detected
= FEATURE_EVENT_EXT.t_tap: (bit offset: 5, bit width: 1) Triple tap detected
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Register (0x4F) io_pdn_ctrl

Description: Pull down behavior control

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved anaio_...

= reserved:write 0x0.
= TO_PDN_CTRL.anaio_pdn_dis: (bit offset: 0, bit width: 1) Disable the pull down on the PIN2 and PIN3
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Register (0x50) io_spi_if
Description: Configuration register for the SPI interface

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved spi3_en

= reserved:write 0x0.
= TO_SPI_IF.spi3_en: (bit offset: 0, bit width: 1) Enable or disable the 3-wire SPI interface. 0b0 enables the default

4-wire configuration, Ob1 enables the 3-wire configuration.
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Register (0x51) io_pad_strength

Description: Configuration register for the electrical characteristics of the pads

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R/W R/W R/W R/W
Reset 0 0 0 0 1 0 1 0
Value

Content reserved if_i2c... if_drv

= reserved:write 0x0.

= TO_PAD_STRENGTH.if_drv: (bit offset: 0, bit width: 3) Generic drive strength control for the output pads: 0:=weakest;
7:=strongest

= TO_PAD_STRENGTH.if_i2c_boost: (bit offset: 3, bit width: 1) Enable or disable the drive strength for SDX when
interfacing via 12C. Ob1 enables the default increased drive strength, 0b0 does not increase the drive strength.
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Register (0x52) io_i2c_if
Description: Configuration register for the 12C interface
Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value
Content reserved
Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R/W R/W
Reset 0 0 0 0 0 0 0 0
Value
Content watchdo... | watchdo...

= reserved:write 0x0.

= TO_I2C_IF.watchdog_timer_sel: (bit offset: 0, bit width: 1) Select the timer period for the 12C watchdog
Following values can be set to or read from the field watchdog_timer_sel:

Value Description
0b0 (0x0) 12C watchdog timeout after 1.25 ms
Ob1 (0x1) I2C watchdog timeout after 40 ms

= TO_I2C_IF.watchdog_timer_en: (bit offset: 1, bit width: 1) Enable or disable the watchdog for the 12C interface.
Disable this feature when using 13C or SPI
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Register (0x53) io_odr_deviation
Description: ODR Deviation Trim Register (OTP backed) - User mirror register

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved odr_deviation

= reserved:write 0x0.
= TO_ODR_DEVIATION.odr_deviation: (bit offset: 0, bit width: 5) ODR clock deviation
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Register (0x60) acc_dp_off x

Description: Data path register for the accelerometer offset of axis x

Bit 15 14 13 12 11 10 9 8
Read/Write R R R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved acc_dp_off_x

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content acc_dp_off_x

= reserved:write 0x0.
= ACC_DP_OFF_X.acc_dp_off_x: (bit offset: 0, bit width: 14) Data path register for the temperature independent ac-
celerometer offset of axis x: 1 LSB = 30.52ug; 0x1000 -> invalid
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Register (0x61) acc_dp_dgain_x
Description: Data path register for the accelerometer re-scale of axis x

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content acc_dp_dgain_x

= reserved:write 0x0.

= ACC_DP_DGAIN_X.acc_dp_dgain_x: (bit offset: 0, bit width: 8) Data path register for the temperature independent
accelerometer re-scale of axis x: covers +3.125% of sensitivity
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Register (0x62) acc_dp_off y

Description: Data path register for the accelerometer offset of axis y

Bit 15 14 13 12 11 10 9 8
Read/Write R R R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved acc_dp_off_y

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content acc_dp_off _y

= reserved:write 0x0.
= ACC_DP_OFF_Y.acc_dp_off_y: (bit offset: 0, bit width: 14) Data path register for the temperature independent ac-
celerometer offset of axis y: 1 LSB = 30.52ug; 0x1000 -> invalid
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Register (0x63) acc_dp_dgain_y

Description: Data path register for the accelerometer re-scale of axis y

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content acc_dp_dgain_y

= reserved:write 0x0.
= ACC_DP_DGAIN_Y.acc_dp_dgain_y: (bit offset: 0, bit width: 8) Data path register for the temperature independent
accelerometer re-scale of axis y: covers +3.125% of sensitivity
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Register (0x64) acc_dp_off z

Description: Data path register for the accelerometer offset of axis z

Bit 15 14 13 12 11 10 9 8
Read/Write R R R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content reserved acc_dp_off_z

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content acc_dp_off_z

= reserved:write 0x0.
= ACC_DP_OFF_Z.acc_dp_off_z: (bit offset: 0, bit width: 14) Data path register for the temperature independent ac-
celerometer offset of axis z: 1 LSB = 30.52ug; 0x1000 -> invalid
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Register (0x65) acc_dp_dgain_z
Description: Data path register for the accelerometer re-scale of axis z

Bit 15 14 13 12 11 10 9 8
Read/Write R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Value

Content reserved

Bit 7 6 5 4 3 2 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Value

Content acc_dp_dgain_z

= reserved:write 0x0.

= ACC_DP_DGAIN_Z.acc_dp_dgain_z: (bit offset: O, bit width: 8) Data path register for the t