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Datasheet

INEMO inertial module with embedded Machine Learning Core: always-on 3D
accelerometer and 3D gyroscope with digital output for industrial applications
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Product summary

Order code ISM330DHCX | ISM330DHCXTR

Temp. range
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Packing Tray Tape & Reel
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Product resources

AN5398 (ISM330DHCX)
AN5392 (Machine Learning Core)
AN5388 (Finite State Machine)
TNOO018 (Design and soldering)
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Features

« 3D accelerometer with selectable full scale: +2/+4/+8/+16 g

« 3D gyroscope with extended selectable full scale:
+125/+250/£500/+1000/+2000/+4000 dps

+  Extended temperature range from -40 to +105 °C
Embedded compensation for high stability over temperature
*  SPI/I*C serial interface

»  Auxiliary SPI serial interface for data output of gyroscope and accelerometer
(OIS and other stabilization applications)

»  Six-channel synchronized output
»  Sensor hub feature to efficiently collect data from additional external sensors
*  Embedded smart FIFO up to 9 kbytes

*  Programmable Finite State Machine to process data from accelerometer,
gyroscope, and external sensors

*  Machine Learning Core

*  Smart embedded functions and interrupts: tilt detection, free-fall, wakeup, 6D/4D
orientation, click and double-click

»  Embedded pedometer, step detector and counter for healthcare applications
*  Analog supply voltage: 1.71 Vto 3.6 V

*  Embedded temperature sensor

*  Embedded self-test both for gyroscope and accelerometer

*  High shock survivability

. ECOPACK, RoHS and “Green” compliant

Applications

* Industrial loT and connected devices

* Antennas, platforms, and optical image and lens stabilization
* Robotics, drones and industrial automation

* Navigation systems and telematics

*  Vibration monitoring and compensation

Description

The ISM330DHCX is a system-in-package featuring a high-performance 3D digital
accelerometer and 3D digital gyroscope tailored for Industry 4.0 applications.

ST’s family of MEMS sensor modules leverages the robust and mature
manufacturing processes already used for the production of micromachined
accelerometers and gyroscopes.

The various sensing elements are manufactured using specialized micromachining
processes, while the IC interfaces are developed using CMOS technology that allows
the design of a dedicated circuit which is trimmed to better match the characteristics
of the sensing element.

For further information contact your local STMicroelectronics sales office.


https://www.st.com/ecopack
https://www.st.com/en/product/ism330dhcx?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS13012
https://www.st.com/en/product/ism330dhcx?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS13012
https://www.st.com/responsible-products
https://www.st.com/longevity
https://www.st.com/resource/en/application_note/DM00653793.pdf
https://www.st.com/resource/en/application_note/DM00651838.pdf
https://www.st.com/resource/en/application_note/DM00651393.pdf
https://www.st.com/resource/en/technical_note/CD00134799.pdf
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In the ISM330DHCX the sensing elements of the accelerometer and of the gyroscope
are implemented on the same silicon die, thus guaranteeing superior stability and
robustness.

The ISM330DHCX has a full-scale acceleration range of +2/+4/+8/+16 g and a wide
angular rate range of £125/+250/+500/+1000/+2000/+4000 dps that enable its usage
in a broad range of applications.

All the design aspects and the calibration of the ISM330DHCX have been
optimized to reach superior accuracy, stability, extremely low noise and full data
synchronization.

An unmatched set of embedded features (Machine Learning Core, programmable
FSM, FIFO, sensor hub, event decoding and interrupts) are enablers for
implementing smart and complex sensor nodes which deliver high performance at
very low power.

The ISM330DHCX is available in a 14-lead plastic land grid array (LGA) package.
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Overview

1 Overview

The ISM330DHCX is a system-in-package featuring a high-accuracy and high-performance 3D digital
accelerometer and 3D digital gyroscope tailored for Industry 4.0 applications.

All the design aspects and the testing and calibration of the ISM330DHCX have been optimized to reach superior
accuracy, stability, extremely low noise and full data synchronization.

The ISM330DHCX has a 3D accelerometer capable of wide bandwidth, ultra-low noise and a selectable full-scale
range of +2/+4/+8/+16 g. The 3D gyroscope has an angular rate range of +125/+250/+500/+1000/+2000/+4000
dps and offers superior stability over temperature and time along with ultra-low noise.

The unique set of embedded features (Machine Learning Core, programmable FSM, 9 kbytes smart FIFO, sensor
hub, event decoding and interrupts) facilitate the implementation of smart and complex sensor nodes which
deliver high performance at very low power.

The ISM330DHCX offers specific support, both for the gyroscope and the accelerometer, to applications requiring
closed control loop (like OIS and other stabilization applications). The device, through a dedicated auxiliary SPI
interface and a configurable signal processing path, can provide data for the control loop while, at the same time,
a second fully independent path can output data for other applications.

Like the entire portfolio of MEMS sensor modules, the ISM330DHCX leverages the robust and mature in-house
manufacturing processes already used for the production of micromachined accelerometers and gyroscopes. The
various sensing elements are manufactured using specialized micromachining processes, while the IC interfaces
are developed using CMOS technology that allows the design of a dedicated circuit which is trimmed to better
match the characteristics of the sensing element.

In the ISM330DHCX, the sensing elements of the accelerometer and of the gyroscope are implemented on the
same silicon die, thus guaranteeing superior stability and robustness.

The ISM330DHCX is available in a small plastic land grid array (LGA) package of 2.5 x 3.0 x 0.83 mm.
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Embedded low-power features

2 Embedded low-power features

The ISM330DHCX features the following on-chip functions:
. 9 kbytes data buffering, data can be compressed two or three times
—  100% efficiency with flexible configurations and partitioning
—  Possibility to store timestamp
. Event-detection interrupts (fully configurable):
—  Free-fall
—  Wakeup
— 6D orientation
—  Click and double-click sensing
— Activity/inactivity recognition
—  Stationary/Motion detection
. Specific IP blocks with negligible power consumption and high-performance:
—  Finite State Machine (FSM) for accelerometer, gyroscope, and external sensors
—  Machine Learning Core (MLC)
- Significant Motion Detection, tilt, pedometer, step detector and step counters
. Sensor hub
—  Up to 6 total sensors: 2 internal (accelerometer and gyroscope) and 4 external sensors
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Finite State Machine

2.1 Finite State Machine

The ISM330DHCX can be configured to generate interrupt signals activated by user-defined motion patterns. To
do this, up to 16 embedded finite state machines can be programmed independently for motion detection and

decoding.

Definition of Finite State Machine

A state machine is a mathematical abstraction used to design logic connections. It is a behavioral model
composed of a finite number of states and transitions between states, similar to a flow chart in which one can
inspect the way logic runs when certain conditions are met. The state machine begins with a start state, goes to
different states through transitions dependent on the inputs, and can finally end in a specific state (called stop
state). The current state is determined by the past states of the system. The following figure shows a generic
state machine.

Figure 1. Generic state machine

START STATE

Yes

STATE #1
Condition 1 satisfied?

Yes

STATE #2
Condition 2 satisfied?

Yes

STATE #3
Condition 3 satisfied?

Yes

END STATE

Finite State Machine in the ISM330DHCX

The ISM330DHCX works as a combo accelerometer-gyroscope sensor, generating acceleration and angular
rate output data. It is also possible to connect an external sensor (magnetometer) by using the Sensor Hub
feature (Mode 2). These data can be used as input of up to 16 programs in the embedded Finite State Machine
(Figure 2. State machine in the ISM330DHCX).

All 16 finite state machines are independent: each one has its dedicated memory area and it is independently
executed. An interrupt is generated when the end state is reached or when some specific command is performed.

Figure 2. State machine in the ISM330DHCX

ISM330DHCX  ACC [LSB]

SIGNAL FSM Output
CONDITIONING FSM

EXT. SENSOR (MAG) [LSB]

(optional)
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Machine Learning Core

2.2 Machine Learning Core

The ISM330DHCX embeds a dedicated core for machine learning processing that provides system flexibility,
allowing some algorithms run in the application processor to be moved to the MEMS sensor with the advantage of
consistent reduction in power consumption.

Machine Learning Core logic allows identifying if a data pattern (for example motion, pressure, temperature,
magnetic data, etc.) matches a user-defined set of classes. Typical examples of applications could be anomalous
vibration, complex movement or condition identification, activity detection, etc.

The ISM330DHCX Machine Learning Core works on data patterns coming from the accelerometer and gyro
sensors, but it is also possible to connect and process external sensor data (like magnetometer) by using the
Sensor Hub feature (Mode 2).

The input data can be filtered using a dedicated configurable computation block containing filters and features
computed in a fixed time window defined by the user.

Machine learning processing is based on logical processing composed of a series of configurable nodes
characterized by "if-then-else" conditions where the "feature" values are evaluated against defined thresholds.

Figure 3. Machine Learning Core in the ISM330DHCX

Machine

Machi
Learning Core OUTPUT achine

Learning Core
Logical processing

28

Filters

Accelerometer Results

Gyroscope > Features > > Interrupts >

External Sensor

The ISM330DHCX can be configured to run up to 8 flows simultaneously and independently and every flow can
generate up to 256 results. The total number of nodes can be up to 512.

The results of the machine learning processing are available in dedicated output registers readable from the
application processor at any time.

The ISM330DHCX Machine Learning Core can be configured to generate an interrupt when a change in the result
occurs.
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Pin description

3 Pin description

Figure 4. Pin connections
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Pin connections

3.1 Pin connections

The ISM330DHCX offers flexibility to connect the pins in order to have four different mode connections and
functionalities. In detail:

Mode 1: IC slave interface or SPI (3- and 4-wire) serial interface is available;

Mode 2: I>C slave interface or SPI (3- and 4-wire) serial interface and IC interface master for external sensor
connections are available;

Mode 3: I?C slave interface or SPI (3- and 4-wire) serial interface is available for the application processor
interface while an auxiliary SPI (3- and 4-wire) serial interface for external sensor connections is available for the
gyroscope ONLY;

Mode 4: IC slave interface or SPI (3- and 4-wire) serial interface is available for the application processor
interface while an auxiliary SPI (3- and 4-wire) serial interface for external sensor connections is available for the
accelerometer and gyroscope.

Figure 5. ISM330DHCX connection modes

Mode 1 ! Mode 2 | Mode 3 | Mode 4
HOST | HOST | HOST | HOST
12C/ ‘ i 12C/ ‘ i 12C/ i 12C/
SPI (3/4-w) ' SPI(3/4-w) ! SPI (3/4-w) i SPI (3/4-w)
ISM330DHCX| | [ISM330DHCX| |  [ISM330DHCX| |  [ISM330DHCX
i Master 12C i Aux SPI (3/4-w) | For gyro i Aux SPI (3/4-w) | For XL and
[ . v [ il data only ! "gyro data
External Auxiliary | ! Auxiliary
i sensors i host | host

In the following table each mode is described for the pin connections and function.
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ISM330DHCX

Pin connections

Table 1. Pin description

mm Mode 1 function Mode 2 function Mode 3/4 function

SPI 4-wire interface serial data

SPI 4-wire interface serial data

SPI 4-wire interface serial data

] SDOJ/SAD output (SDO) output (SDO) output (SDO)
I2C least significant bit of the device = I2C least significant bit of the device = I*C least significant bit of the device
address (SAQ) address (SAQ) address (SAQ)
Auxiliary SPI 3/4-wire interface serial
2 SDx Connect to Vdd_IO or GND 12C serial data master (MSDA) data input (SDI) and SPI 3-wire serial
data output (SDO)
. Auxiliary SPI 3/4-wire interface serial
2
3 SCx Connect to Vdd_IO or GND 12C serial clock master (MSCL) port clock (SPC_Aux)
4 INT1 Programmable interrupt in I2C and SPI
5 vdd_l0" Power supply for 1/O pins
6 GND 0V supply
7 GND 0V supply
8 vdd(" Power supply
Programmabile interrupt 2 (INT2) /
9 INT2 Programmable interrupt 2 (INT2) / Data enabled (DEN) / I2C master Programmable interrupt 2 (INT2) /
Data enabled (DEN) external synchronization signal Data enabled (DEN)
(MDRDY)
10 OCS_Aux Leave unconnected?) Leave unconnected?) Auxiliary SPLg;AEI\glre interface
Auxiliary SPI 3-wire interface: leave
1 SDO Aux Connect to Vdd_IO or leave Connect to Vdd_IO or leave unconnected®
- unconnected' unconnected'?) Auxiliary SPI 4-wire interface: serial
data output (SDO_Aux)
12C/SPI mode selection (1: SPI idle I2C/SPI mode selection (1: SPI idle 12C/SPI mode selection (1: SPI idle
12 cs mode / I2C communication enabled; mode / I2C communication enabled; mode / I2C communication enabled;
0: SPI communication mode / I1°)C 0: SPI communication mode / I1>)C 0: SPI communication mode / I2)C
disabled) disabled) disabled)
13 scL 12C serial clock (SCL) I2C serial clock (SCL) 12C serial clock (SCL)
SPI serial port clock (SPC) SPI serial port clock (SPC) SPI serial port clock (SPC)
I2C serial data (SDA) 1C serial data (SDA) I2C serial data (SDA)
14 SDA SPI serial data input (SDI) SPI serial data input (SDI) SPI serial data input (SDI)

3-wire interface serial data output
(SDO)

3-wire interface serial data output
(SDO)

3-wire interface serial data output
(SDO)

1. Recommended 100 nF filter capacitor.
2. Leave pin electrically unconnected and soldered to PCB.
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Module specifications

4 Module specifications

4.1 Mechanical characteristics

@ Vdd =18V, T =25 °C, unless otherwise noted.

Table 2. Mechanical characteristics

+2

LA_FS | Linear acceleration measurement range :r g
+16
+125
+250
+500
G_FS  Angular rate measurement range dps
+1000
+2000
+4000
FS=12g 0.061
FS=149g 0.122
LA_So  Linear acceleration sensitivity®) 2% +2% mg/LSB
FS=48¢ 0.244
FS=%16g 0.488
FS = +125 dps 4.375
FS = +250 dps 8.75
FS = +500 dps 17.50
G_So | Angular rate sensitivity®) 2% +2% | mdps/LSB
FS = +£1000 dps 35
FS = +2000 dps 70
FS = +4000 dps 140
LA_SoDr | Linear acceleration sensitivity change vs. temperature*) from -40 °C to +105°C = -0.01  +0.005 | +0.01 %/°C
G_SoDr | Angular rate sensitivity change vs. temperature'®) from -40 °C to +105 °C | -0.015 ' +0.007 @ +0.015 %I°C
LA_TyOff | Linear acceleration zero-g level offset accuracy® -65 +10 +65 mg
G_TyOff | Angular rate zero-rate level'®) -3 +1 +3 dps
LA_TCOff | Linear acceleration zero-g level change vs. temperature'®) -0.5 0.1 +0.5 mg/°C
G_TCOff | Angular rate typical zero-rate level change vs. temperature(®) -0.015  #0.005 +0.015  dps/°C
LA_Cx  Linear acceleration cross-axis sensitivity T=25°C +0.5 %
G_Cx  Angular rate cross-axis sensitivity T=25°C +1 %
Rn Rate noise density in high-performance mode'®) 5 8 mdps/VHz
ARW Angular random walk T=25°C 0.21 0.34 deghh
Bl Bias instability T=25°C 3 deg/h
RnRMS | Gyroscope RMS noise in low-power mode!”) 70 mdps
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Mechanical characteristics

An Acceleration noise density in high-performance mode(®) 100 ugNHz
RMS | Acceleration RMS noise in low-power mode!?('% 1.8 mg(RMS)
1.6
12.5
26
52
104
LA_ODR | Linear acceleration output data rate 208
416
833
1666
3332
6667 Hz
12.5
26
52
104
208
416
833
1666
3332
6667

G_ODR  Angular rate output data rate

X,Y-axis 2.6
LA_FO | Sensor resonant frequency 7_axi 217 kHz
-axis .

G_F0 Sensor resonant frequency 20 kHz

Linear acceleration self-test output change!'?) (13) (14) 40 1700 mg

Vst FS = +250 dps 20 80 dps
Angular rate self-test output change (19)(16)
FS = +2000 dps 150 700 dps

Top Operating temperature range -40 +105 °C

1. Min/Max values are based on characterization results at 30 on a limited number of samples, not tested in
production and not guaranteed.

2. Typical specifications are not guaranteed.
3. Sensitivity values after factory calibration test and trimming.

4. Measurements are performed in a uniform temperature setup and they are based on characterization data
in a limited number of samples. Not measured during final test for production.

5. Values after factory calibration test and trimming.

6. Gyroscope rate noise density in high-performance mode is independent of the ODR and FS setting.
7. Gyroscope RMS noise in low-power mode is independent of the ODR and FS setting.

8. Accelerometer noise density in high-performance mode is independent of the ODR and full scale.
9. Accelerometer RMS noise in low-power mode is independent of the ODR.

10. Noise RMS related to BW = ODR/2.

11. This ODR is available when the accelerometer is in low-power mode.

12. The sign of the linear acceleration self-test output change is defined by the STx_XL bits in a dedicated
register for all axes.

DS13012 - Rev 7 page 11/167



‘W ISM330DHCX

Mechanical characteristics

13. The linear acceleration self-test output change is defined with the device in stationary condition as the
absolute value of: OUTPUT/LSDb] (self-test enabled) - OUTPUT|LSb] (self-test disabled). 1LSb = 0.061 mg
at +2 g full scale.

14. Accelerometer self-test limits are full-scale independent.

15. The sign of the angular rate self-test output change is defined by the STx_G bits in a dedicated register for
all axes.

16. The angular rate self-test output change is defined with the device in stationary condition as the absolute
value of: OUTPUT[LSb] (self-test enabled) - OUTPUT|LSDb] (self-test disabled). 1LSb = 70 mdps at 2000
dps full scale
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Electrical characteristics

4.2 Electrical characteristics

@ \Vdd =18V, T =25 °C, unless otherwise noted.

Table 3. Electrical characteristics

L T T S

Supply voltage 1.71
Vdd_IO | Power supply for I/O 1.62 3.6 \%
IddHP Gyroscope and accelerometer current consumption in high-performance mode 1.2 1.5 mA
IddNM  Gyroscope and accelerometer current consumption in normal mode ODR =208 Hz 0.7 mA
LA_IddHP = Accelerometer current consumption in high-performance mode 360 430 HA
ODR =52 Hz 32
LA _IddLM ' Accelerometer current consumption in low-power mode ODR=12.5Hz 11 A
ODR =1.6 Hz 5.5
IddPD Gyroscope and accelerometer current consumption during power-down 3 A
Ton Turn-on time 35 ms
ViH Digital high-level input voltage 0.7 *Vdd_lO \%
ViL Digital low-level input voltage 0.3*Vvdd_IO | V
VoH Digital high-level output voltage lon =4 mA®) Vvdd_10-0.2 \%
VoL Digital low-level output voltage loL =4 mA®) 0.2 \%
Top Operating temperature range -40 +105 °C

1. Min/Max values are based on characterization results at 3o on a limited number of samples, not tested in
production and not guaranteed.

2. Typical specifications are not guaranteed.
3. 4 mA is the minimum driving capability, i.e. the minimum DC current that can be sourced/sunk by the digital
pad in order to guarantee the correct digital output voltage levels Vo and Vo, .

4.3 Temperature sensor characteristics

@ Vdd =1.8V, T =25 °C unless otherwise noted.

Table 4. Temperature sensor characteristics

TODR® Temperature refresh rate
Toff Temperature offset*) -15 +15 °C
TSen Temperature sensitivity 256 LSB/°C
TST Temperature stabilization time®) 500 us
T_ADC_res Temperature ADC resolution 16 bit
Top Operating temperature range -40 +105 °C

1. Min/Max values are based on characterization results at 3o on a limited number of samples, not tested in
production and not guaranteed.

2. Typical specifications are not guaranteed.

3. When the accelerometer is in low-power mode and the gyroscope part is turned off, the TODR value is
equal to the accelerometer ODR up to 52 Hz.

4. The output of the temperature sensor is 0 LSB (typ.) at 25 °C.
5. Time from power ON to valid data. Based on characterization data.
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Communication interface characteristics

4.4 Communication interface characteristics

441 SPI - serial peripheral interface
Subject to general operating conditions for Vdd and Top.

Table 5. SPI slave timing values (in mode 3)

100

te(spe) SPI clock cycle ns
fe(spe) SPI clock frequency 10 MHz
tsu(cs) CS setup time 5

th(cs) CS hold time 20

tsu(si) SDI input setup time 5

th(siy SDI input hold time 15 ns
ty(so) SDO valid output time 50

th(so) SDO output hold time 5

tdis(s0) SDO output disable time 50

1. Values are guaranteed at 10 MHz clock frequency for SPI with both 4 and 3 wires, based on characterization results, not
tested in production

Figure 6. SPI slave timing diagram (in mode 3)

: tsucs) 4 tespe) . thcs) i
SPC \ / \ / \ /
tsu(Sl)E E thisy i : :
— . : / /L :
i ; I i
sDI X MSB IN i ; X X LSBIN |
5 : // :
1 tyso) E thiso) 4 itdis(SO)
7 /
SDO / MSB OUT X X X LSB OUT }——
\ //

Note: Measurement points are done at 0.3-Vdd_I0 and 0.7-Vdd_IO for both input and output ports.
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Communication interface characteristics

44.2 I*C - inter-IC control interface
Subject to general operating conditions for Vdd and Top.

Table 6. I*C slave timing values

I2C fast mode I12C fast mode +

o i [ [ e ]
0 400 0

fiscL) | SCL clock frequency 1000 kHz
twscLr) | SCL clock low time 1.3 0.5
tw(scLH) | SCL clock high time 0.6 0.26 He
tsuispa) | SDA setup time 100 50 ns
thspa) | SDA data hold time 0 0.9 0
thst) | START/REPEATED START condition hold time 0.6 0.26
tsusr)  REPEATED START condition setup time 0.6 0.26
tsusp) | STOP condition setup time 0.6 0.26 Hs
tw(isp:sr) | Bus free time between STOP and START condition 1.3 0.5
Data valid time 0.9 0.45
Data valid acknowledge time 0.9 0.45
Cs Capacitive load for each bus line 400 550 pF
1. Data based on standard I?C protocol requirement, not tested in production.
2. Data for I?C fast mode and I*C fast mode+ have been validated by characterization, not tested in production.
Figure 7. I’C slave timing diagram
— REPEATED

START

&
START ‘\

///L tausR)
DA \ / X X PN, START]
. / / i g

tsu(spa) thisoa)

N W

st twscwy tw(scLH)

SCL

Note: Measurement points are done at 0.3-Vdd_10 and 0.7-Vdd_|O for both ports.
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Absolute maximum ratings

4.5 Absolute maximum ratings
Stresses above those listed as “Absolute maximum ratings” may cause permanent damage to the device. This

is a stress rating only and functional operation of the device under these conditions is not implied. Exposure to
maximum rating conditions for extended periods may affect device reliability.

Table 7. Absolute maximum ratings

T S N T Y

Supply voltage -0.3t04.8
Tste Storage temperature range -40 to +125 °C
Sg Acceleration g for 0.2 ms 20,000 g
ESD Electrostatic discharge protection (HBM) 2 kV

Input voltage on any control pin
Vin -0.3to Vdd_IO +0.3 \Y
(including CS, SCL/SPC, SDA/SDI/SDO, SDO/SAQ)

Note: Supply voltage on any pin should never exceed 4.8 V.

@ This device is sensitive to mechanical shock, improper handling can cause permanent damage to the part.
é This device is sensitive to electrostatic discharge (ESD), improper handling can cause permanent damage to the part.
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Terminology

4.6 Terminology

4.6.1 Sensitivity

Linear acceleration sensitivity can be determined, for example, by applying 1 g acceleration to the device.
Because the sensor can measure DC accelerations, this can be done easily by pointing the selected axis towards
the ground, noting the output value, rotating the sensor 180 degrees (pointing towards the sky) and noting the
output value again. By doing so, +1 g acceleration is applied to the sensor. Subtracting the larger output value
from the smaller one, and dividing the result by 2, leads to the actual sensitivity of the sensor. This value changes
very little over temperature and over time. The sensitivity tolerance describes the range of sensitivities of a large
number of sensors (see Table 2).

An angular rate gyroscope is a device that produces a positive-going digital output for counterclockwise rotation
around the axis considered. Sensitivity describes the gain of the sensor and can be determined by applying a
defined angular velocity to it. This value changes very little over temperature and time (see Table 2).

4.6.2 Zero-g and zero-rate level

Linear acceleration zero-g level offset (TyOff) describes the deviation of an actual output signal from the ideal
output signal if no acceleration is present. A sensor in a steady state on a horizontal surface will measure 0 g on
both the X-axis and Y-axis, whereas the Z-axis will measure 1 g. Ideally, the output is in the middle of the dynamic
range of the sensor (content of OUT registers 00h, data expressed as 2’'s complement number). A deviation from
the ideal value in this case is called zero-g offset.

Offset is to some extent a result of stress to MEMS sensor and therefore the offset can slightly change after
mounting the sensor onto a printed circuit board or exposing it to extensive mechanical stress. Offset changes
little over temperature, see “Linear acceleration zero-g level change vs. temperature” in Table 2. The zero-g level
tolerance (TyOff) describes the standard deviation of the range of zero-g levels of a group of sensors.

Zero-rate level describes the actual output signal if there is no angular rate present. The zero-rate level of precise
MEMS sensors is, to some extent, a result of stress to the sensor and therefore the zero-rate level can slightly
change after mounting the sensor onto a printed circuit board or after exposing it to extensive mechanical stress.
This value changes very little over temperature and time (see Table 2).
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Digital interfaces

5 Digital interfaces

5.1 I2C/SPI interface

The registers embedded inside the ISM330DHCX may be accessed through both the I?°C and SPI serial
interfaces. The latter may be SW configured to operate either in 3-wire or 4-wire interface mode. The device
is compatible with SPI modes 0 and 3.

The serial interfaces are mapped onto the same pins. To select/exploit the I?C interface, the CS line must be tied
high (i.e connected to Vdd_|O).

Table 8. Serial interface pin description

SPI enable
CS I2C/SPI mode selection (1: SPI idle mode / I?°C communication enabled;

0: SPI communication mode / I12C disabled)
I2C Serial Clock (SCL)
SPI Serial Port Clock (SPC)
I2C Serial Data (SDA)

SDA/SDI/SDO SPI Serial Data Input (SDI)
3-wire Interface Serial Data Output (SDO)
SPI Serial Data Output (SDO)

I2C less significant bit of the device address

SCL/SPC

SDO/SA0

511 I12C serial interface

The ISM330DHCX I2C is a bus slave. The I12C is employed to write the data to the registers, whose content can
also be read back.

The relevant I?C terminology is provided in the table below.

Table 9. I*C terminology

Transmitter | The device which sends data to the bus
Receiver The device which receives data from the bus
Master The device which initiates a transfer, generates clock signals and terminates a transfer

Slave The device addressed by the master

There are two signals associated with the I1>C bus: the serial clock line (SCL) and the Serial DAta line (SDA). The
latter is a bidirectional line used for sending and receiving the data to/from the interface. Both the lines must be
connected to Vdd_IO through external pull-up resistors. When the bus is free, both the lines are high.

The I2C interface is implemented with fast mode (400 kHz) I1>C standards as well as with fast mode plus
(1000 kHz).

In order to disable the I?C block, (12C_disable) = 1 must be written in CTRL4_C (13h).
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5.1.1.1 I’C operation

The transaction on the bus is started through a START (ST) signal. A START condition is defined as a HIGH to
LOW transition on the data line while the SCL line is held HIGH. After this has been transmitted by the master,
the bus is considered busy. The next byte of data transmitted after the start condition contains the address of the
slave in the first 7 bits and the eighth bit tells whether the master is receiving data from the slave or transmitting
data to the slave. When an address is sent, each device in the system compares the first seven bits after a start
condition with its address. If they match, the device considers itself addressed by the master.

The Slave ADdress (SAD) associated to the ISM330DHCX is 110101xb. The SDO/SAOQ pin can be used to modify
the less significant bit of the device address. If the SDO/SAOQ pin is connected to the supply voltage, LSb is ‘1’
(address 1101011b); else if the SDO/SAOQ pin is connected to ground, the LSb value is ‘0’ (address 1101010b).
This solution permits to connect and address two different inertial modules to the same I?C bus.

Data transfer with acknowledge is mandatory. The transmitter must release the SDA line during the acknowledge
pulse. The receiver must then pull the data line LOW so that it remains stable low during the HIGH period of the
acknowledge clock pulse. A receiver which has been addressed is obliged to generate an acknowledge after each
byte of data received.

The I>)C embedded inside the ISM330DHCX behaves like a slave device and the following protocol must be
adhered to. After the start condition (ST) a slave address is sent, once a slave acknowledge (SAK) has been
returned, an 8-bit sub-address (SUB) is transmitted. The increment of the address is configured by the CTRL3_C
(12h) (IF_INC).

The slave address is completed with a Read/Write bit. If the bit is ‘1’ (Read), a repeated START (SR) condition
must be issued after the two sub-address bytes; if the bit is ‘0’ (Write) the master will transmit to the slave with
direction unchanged. Table 10 explains how the SAD+Read/Write bit pattern is composed, listing all the possible
configurations.

Table 10. SAD+Read/Write patterns

Read 110101 11010101 (D5h)
Write 110101 0 0 11010100 (D4h)
Read 110101 1 1 11010111 (D7h)
Write 110101 1 0 11010110 (D6h)

Table 11. Transfer when master is writing one byte to slave

Master ST SAD +W SuB DATA SP
Slave SAK SAK SAK

Table 12. Transfer when master is writing multiple bytes to slave

Master ST SAD +W SuUB DATA DATA SP
Slave SAK SAK SAK SAK

Table 13. Transfer when master is receiving (reading) one byte of data from slave

Master ST SAD +W SuB SR SAD +R NMAK SP
Slave SAK SAK SAK DATA

Table 14. Transfer when master is receiving (reading) multiple bytes of data from slave

Master = ST | SAD+W SuUB SR = SAD+R MAK MAK NMAK = SP
Slave SAK SAK SAK = DATA DATA DATA
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Data are transmitted in byte format (DATA). Each data transfer contains 8 bits. The number of bytes transferred
per transfer is unlimited. Data is transferred with the Most Significant bit (MSb) first. If a slave receiver doesn’t
acknowledge the slave address (i.e. it is not able to receive because it is performing some real-time function) the
data line must be left HIGH by the slave. The master can then abort the transfer. A LOW to HIGH transition on the
SDA line while the SCL line is HIGH is defined as a STOP condition. Each data transfer must be terminated by
the generation of a STOP (SP) condition.

In the presented communication format MAK is master acknowledge and NMAK is no master acknowledge.
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5.1.2 SPI bus interface
The ISM330DHCX SPI is a bus slave. The SPI allows writing and reading the registers of the device.
The serial interface communicates with the application using 4 wires: CS, SPC, SDI and SDO.

Figure 8. Read and write protocol (in mode 3)
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CS is the serial port enable and it is controlled by the SPI master. It goes low at the start of the transmission and
goes back high at the end. SPC is the serial port clock and it is controlled by the SPI master. It is stopped high
when CS is high (no transmission). SDI and SDO are, respectively, the serial port data input and output. Those
lines are driven at the falling edge of SPC and should be captured at 