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1 INTRODUCTION

1.1 PURPOSE AND SCOPE
This document is a product specification, providing a description, specifications, and design related information on the ICM-40609-D
Single-Interface MotionTracking device. The device is housed in a small 3x3x0.91 mm 24-pin LGA package.

1.2 PRODUCT OVERVIEW

The ICM-40609-D is a 6-axis MotionTracking device that combines a 3-axis gyroscope, and a 3-axis accelerometer in a small 3x3x0.91
mm (24-pin LGA) package. It also features a 2K-byte FIFO that can lower the traffic on the serial bus interface, and reduce power
consumption by allowing the system processor to burst read sensor data and then go into a low-power mode. ICM-40609-D, with its
6-axis integration, enables manufacturers to eliminate the costly and complex selection, qualification, and system level integration
of discrete devices, guaranteeing optimal motion performance for consumers.

The gyroscope supports eight programmable full-scale range settings from +15.625dps to +2000dps, and the accelerometer supports
four programmable full-scale range settings from +4g to +32g.

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

The host interface can be configured to support I2C slave or SPI slave modes. The I2C interface supports speeds up to 1 MHz, and the
SPl interface supports speeds up to 24 MHz.

By leveraging its patented and volume-proven CMOS-MEMS fabrication platform, which integrates MEMS wafers with companion
CMOS electronics through wafer-level bonding, InvenSense has driven the package size down to a footprint and thickness of
3x3x0.91 mm (24-pin LGA), to provide a very small yet high performance low cost package. The device provides high robustness by
supporting 20,000g shock reliability.

1.3 APPLICATIONS
e Drones
e Robotics
e loT Applications

Downloaded From | Oneyac.com


https://www.oneyac.com

@TDI( InvenSense ICM-40609-D

2 FEATURES

2.1 GYROSCOPE FEATURES
The triple-axis MEMS gyroscope in the ICM-40609-D includes a wide range of features:
e Digital-output X-, Y-, and Z-axis angular rate sensors (gyroscopes) with programmable full-scale range of +15.625, +31.25,
+62.5, +125, +250, £500, £1000, and +2000 degrees/sec
e Low Noise (LN) power mode support
e Digitally-programmable low-pass filters
e  Factory calibrated sensitivity scale factor
o  Self-test

2.2 ACCELEROMETER FEATURES
The triple-axis MEMS accelerometer in ICM-40609-D includes a wide range of features:
e Digital-output X-, Y-, and Z-axis accelerometer with programmable full-scale range of +4g, +8g, +16g and +32g
e Low Noise (LN) and Low Power (LP) power modes support
e User-programmable interrupts
e  Wake-on-motion interrupt for low power operation of applications processor
o Self-test

2.3 ADDITIONAL FEATURES
ICM-40609-D includes the following additional features:
e 2K byte FIFO buffer enables the applications processor to read the data in bursts
e User-programmable digital filters for gyroscope, accelerometer, and temperature sensor
e  Wake on Motion: Detects motion when accelerometer data exceeds a programmable threshold
e 1 MHzI>C/ 24 MHz SPI slave host interface
e Digital-output temperature sensor
e Smallest and thinnest LGA package for portable devices: 3x3x0.91 mm (24-pin LGA)
e 20,000 g shock tolerant
e  MEMS structure hermetically sealed and bonded at wafer level
e  RoHS and Green compliant
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3 ELECTRICAL CHARACTERISTICS

3.1 GYROSCOPE SPECIFICATIONS
Typical Operating Circuit of section 4.2, VDD = 1.8 V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.
PARAMETER I CONDITIONS I MIN I TYP I MAX | UNITS NOTES
GYROSCOPE SENSITIVITY

GYRO_FS_SEL=0 +2000 o/s 2
GYRO_FS_SEL =1 +1000 o/s 2
GYRO_FS_SEL =2 +500 o/s 2
GYRO_FS_SEL =3 +250 o/s 2

Full-Scale Range GYRO_FS SEL=4 1125 o/s 3
GYRO_FS_SEL =5 +62.5 /s 2
GYRO_FS_SEL =6 +31.25 o/s 2
GYRO_FS_SEL =7 +15.625 o/s 2

Gyroscope ADC Word Length 16 bits 2
GYRO_FS_SEL=0 16.4 LSB/(2/s) 2
GYRO_FS_SEL =1 32.8 LSB/(2/s) 2
GYRO_FS_SEL =2 65.5 LSB/(2/s) 2
GYRO_FS_SEL =3 131 LSB/(9/s) 2

Sensitivity Scale Factor GYRO_FS_SEL=4 262 LSB/(/5) >
GYRO_FS_SEL =5 524.3 LSB/(2/s) 2
GYRO_FS_SEL =6 1048.6 LSB/(2/s) 2
GYRO_FS_SEL =7 2097.2 LSB/(2/s) 2

Sensitivity Scale Factor Initial Tolerance 25°C 10.5 % 1

ii:rf")t'e‘:';:'usrza'e Factor Variation Over -40°C to +85°C 025 | 0045 | +025 %/°C 3

Nonlinearity Best fit straight line; 25°C 0.1 % 3

Cross-Axis Sensitivity +1 % 3

ZERO-RATE OUTPUT (ZRO)
Initial ZRO Tolerance Board-level, 25°C +1 o/s 3
ZRO Variation vs. Temperature -40°C to +85°C +0.01 o/s/eC 3
OTHER PARAMETERS

Rate Noise Spectral Density @ 10 Hz 0.0045 o/s VHz 1

Total RMS Noise Bandwidth = 100 Hz 0.045 o/s-rms 4

Gyroscope Mechanical Frequencies 25 27 29 KHz 1
ODR < 1kHz 5 500 Hz 2

Low Pass Filter Response
ODR 2 1kHz 995 Hz 2

Gyroscope Start-Up Time Time from gyro enable to gyro drive ready 30 ms 3

Output Data Rate 12.5 32000 Hz 2

Table 1. Gyroscope Specifications

Notes:

Bwne

Tested in production.
Guaranteed by design.

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

Calculated from Rate Noise Spectral Density.
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3.2

ACCELEROMETER SPECIFICATIONS
Typical Operating Circuit of section 4.2, VDD = 1.8 V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.
PARAMETER CONDITIONS ‘ MIN ‘ TYP ‘ MAX ‘ UNITS NOTES
ACCELEROMETER SENSITIVITY
ACCEL_FS_SEL =0 $32 g 2
FullScale Range ACCEL_FS_SEL=1 +16 g 2
ACCEL_FS_SEL =2 +8 g 2
ACCEL_FS_SEL =3 +4 g 2
ADC Word Length Output in two’s complement format 16 bits 2
ACCEL_FS_SEL =0 1,024 LSB/g 2
ACCEL_FS_SEL =1 2,048 LSB/g 2
Sensitivity Scale Factor
ACCEL_FS_SEL =2 4,096 LSB/g 2
ACCEL_FS_SEL=3 8,192 LSB/g 2
Sensitivity Scale Factor Initial Tolerance Component-level +0.5 % 1
Sensitivity Change vs. Temperature -40°C to +85°C -0.12 +0.007 +0.12 %/°C 3
Nonlinearity Best Fit Straight Line, +2g +0.1 % 3
Cross-Axis Sensitivity +1 % 3
ZERO-G OUTPUT
Initial Tolerance Board-level, all axes +40 mg 3
Zero-G Level Change vs. Temperature -40°C to +85°C +0.15 mg/°C 3
OTHER PARAMETERS
Power Spectral Density @ 10 Hz 100 ug/VHz 1
RMS Noise Bandwidth = 100 Hz 1.00 mg-rms 4
ODR < 1kHz 5 500 Hz 2
Low-Pass Filter Response
ODR 2= 1kHz 5 995 Hz 2
Accelerometer Startup Time From sleep mode to valid data 10 ms 3
Output Data Rate 1.5625 32000 Hz 2

Table 2. Accelerometer Specifications

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

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

Downloaded From | Oneyac.com


https://www.oneyac.com

@TDI( InvenSense ICM-40609-D

3.3 ELECTRICAL SPECIFICATIONS

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

PARAMETER l CONDITIONS I MIN I TYP l MAX ‘ UNITS ‘ NOTES
SUPPLY VOLTAGES
VDD 1.71 1.8 3.6 \" 1
VDDIO 1.71 1.8 3.6 Vv 1
SUPPLY CURRENTS
6-Axis Gyroscope + Accelerometer 0.77 mA 2
Low-Noise Mode 3-Axis Accelerometer 0.27 mA 2
3-Axis Gyroscope 0.61 mA 2
Accel ter Low -P Mod
ceelerome ?r ow -rower Vode 200Hz ODR, 1x averaging 0.06 mA 2
(Gyroscope disabled)
Full-Chip Sleep Mode At 252C 11 UA 2

TEMPERATURE RANGE

Specified Temperature Range Performance parameters are not applicable
beyond Specified Temperature Range

-40 +85 °C 1

Table 3. D.C. Electrical Characteristics

Notes:
1.  Guaranteed by design.
2.  Derived from validation or characterization of parts, not guaranteed in production.
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3.3.2

A.C. Electrical Characteristics

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

PARAMETER | CONDITIONS MIN TYP MAX UNITS NOTES
SUPPLIES
Supply Ramp Time chzr;iont;r:,i:lLaemp‘ Ramp rate is 10% to 90% of 0.01 3 ms .
Power Supply Noise 10 pearlz\r:eak 1
TEMPERATURE SENSOR
Operating Range Ambient -40 85 °C 1
25°C Output 0 LSB 3
ADC Resolution 16 bits 2
ODR With Filter 25 8000 Hz 2
Room Temperature Offset 25°C -5 5 °C 3
Stabilization Time 14000 us 2
Sensitivity Untrimmed 132.48 LSB/°C 1
Sensitivity for FIFO data 2.07 LSB/°C 1
POWER-ON RESET
Start-up time for register read/write | From power-up 1 | ms | 1
12C ADDRESS
AP_AD0=0 1101000
!C ADDRESS AP_ADO = 1 1101001
DIGITAL INPUTS (SCLK, SDI, CS)
Vyu, High Level Input Voltage 0.7*vDDIO \
V|, Low Level Input Voltage 0.3*VDDIO \Y 1
C,, Input Capacitance <10 pF
DIGITAL OUTPUT (SDO, INT1, INT2)

Vou, High Level Output Voltage Rioan=1 MQ; 0.9*VDDIO Vv
Vou1, LOW-Level Output Voltage Rioan=1 MQ; 0.1*VDDIO Vv
Vour, INT Low-Level Output Voltage OPEN=1, 0.3 mA sink 0.1 % 1

Current
Output Leakage Current OPEN=1 100 nA
tint, INT Pulse Width int_tpulse_duration=0, 1 (100us, 8us ) ; 8 100 us

12C1/0 (SCL, SDA)
V), LOW-Level Input Voltage -0.5V 0.3*VDDIO \Y
Vi, HIGH-Level Input Voltage 0.7*vDDIO VDDIO + \Y
0.5V

Vhys, Hysteresis 0.1*vDDIO Y
Voi, LOW-Level Output Voltage 3 mA sink current 0 0.4 Y 1
lo,, LOW-Level Output Current Voi=0.4V 3 mA

Vo=0.6 V 6 mA
Output Leakage Current 100 nA
tor, Output Fall Time from Viymax t0 Vitmax Cp, bus capacitance in pf 20+0.1C, 300 ns

INTERNAL CLOCK SOURCE

CLKSEL="2b00 or gyro inactive; 25°C -3 +3 % 1
Clock Frequency Initial Tolerance

CLK_SEL="2b01 and gyro active; 25°C -1 +1 % 1

- CLK_SEL="2b00 or gyro inactive; -40°C to +85°C +2 % 1

Frequency Variation over Temperature

CLK_SEL="2b01 and gyro active; -40°C to +85°C +2 % 1

Notes:

Table 4. A.C. Electrical Characteristics

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

. Guaranteed by design.
3. To be Production tested.
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3.4 12C TIMING CHARACTERIZATION

Typical Operating Circuit of section 4.2, VDD = 1.8 V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.
Parameters Conditions Min Typical Max Units Notes
12C TIMING 12C FAST-MODE PLUS
fsc, SCL Clock Frequency 1 MHz 1
tuo.sta, (Repeated) START Condition Hold Time 0.26 us 1
tiow, SCL Low Period 0.5 us 1
tuien, SCL High Period 0.26 us 1
tsu.sta, Repeated START Condition Setup Time 0.26 us 1
tuo.oat, SDA Data Hold Time 0 us 1
tsu.oar, SDA Data Setup Time 50 ns 1
tr, SDA and SCL Rise Time Cb bus cap. from 10 to 400 pF 120 ns 1
tr, SDA and SCL Fall Time Cb bus cap. from 10 to 400 pF 120 ns 1
tsu.sto, STOP Condition Setup Time 0.5 us 1
tsur, Bus Free Time Between STOP and START
Condition 0.5 us 1
Cy, Capacitive Load for each Bus Line <400 pF 1
tvo.oat, Data Valid Time 0.45 us 1
tvn.ack, Data Valid Acknowledge Time 0.45 us 1

Notes:

1. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets

SDA =
s >
SCL N 70%
€PN 30%
s tHD.STA |4—— 1/fscL

1* clock cycle

Table 5. 12C Timing Characteristics
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9™ clock cycle
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SDA 70%
@. ceedp  130%
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SCL 70%
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”
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N

Figure 1. I2C Bus Timing Diagram

Downloaded From | Oneyac.com


https://www.oneyac.com

&$TDI< InvenSense

ICM-40609-D

3.5

SPI TIMING CHARACTERIZATION — 4-WIRE SPI MODE

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

PARAMETERS CONDITIONS MIN TYP MAX UNITS | NOTES

SPI TIMING

fspc, SCLK Clock Frequency Default 24 MHz 1
tiow, SCLK Low Period 245 ns 1
tuion, SCLK High Period 24.5 ns 1
tsu.cs, CS Setup Time 39 ns 1
tun.cs, CS Hold Time 18 ns 1
tsu.soi, SDI Setup Time 13 ns 1
tuo.soi, SDI Hold Time 8 ns 1
tvo.soo, SDO Valid Time Cioad = 20 pF 21.5 ns 1
trp.soo, SDO Hold Time Cioad = 20 pF 9.5 ns 1
tois.soo, SDO Output Disable Time 28 ns 1

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

Notes:

1. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets

2. Based on other parameter values

cs 70%
30% &r

—

tFall

tRise

[ tHD;CS I
_’I tsu:cs |<— |4 tHIGH Ple—— 1/fcLk ———» _’I
SCLK o -K_ /_\ |
30% - | - l
tsu;sol tHD;sDI | tLow :
; ;
S 70%X VSE IN 'X I X LSBIN |
30% , |
'tvp;spo Ithp:spo | tois;spo
le—> l—» I
SDo { wss out X 0% X X LSB OUT }—
\ 30%
Figure 2. 4-Wire SPI Mode-3 Bus Timing Diagram
cs 70%?5 /
30%|
I tFall tRise . X
l«—— tsu.cs 4>|| tH;Cs _1
SCLK | 70% | |
! 30%.}2 I
teu.sm thn:s01 |
e N ! I
SDI m%X VISB IN | i :)( LSB IN |
30% |
'tvp;spo 'thp;spo | tois;spo
e *
SDO / 70%
{ Mse out X o X: ) X LSB OUT )—

Figure 3. 4-Wire SPI Mode-0 Bus Timing Diagram
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3.6 SPITIMING CHARACTERIZATION - 3-WIRE SPI MODE
Typical Operating Circuit of section 4.2, VDD = 1.8 V, VDDIO = 1.8V, Ta=25°C, unless otherwise noted.

PARAMETERS CONDITIONS MIN TYP MAX UNITS | NOTES

SPI TIMING

fspc, SCLK Clock Frequency Default 24 MHz 1
tiow, SCLK Low Period 245 ns 1
tren, SCLK High Period 24.5 ns 1
tsu.cs, CS Setup Time 39 ns 1
trp.cs, CS Hold Time 5 ns 1
tsu.sbio, SDIO Input Setup Time 13 ns 1
trp.spio, SDIO Input Hold Time 8 ns 1
tvo.soio, SDIO Output Valid Time Cioad = 20 pF 18.5 ns 1
tHp.soio, SDIO Output Hold Time Cioad = 20 pF 9.5 ns 1
toissoio, SDIO Output Disable Time 28 ns 1

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

1. Based on characterization of 5 parts over temperature and voltage as mounted on evaluation board or in sockets
2. Based on other parameter values

cs 70%35
30%
tFall tRise tHD:-CS
—PI tsu;cs |<— 1/fcLk ——» s

SCLK 70% T
30% -Z | l

tsu;spio tHDp;spio tLow l
el e | |
|

|

I

S

; ;
I 70% MSB IN | | LSB IN
30%

itVD;SDIO ItHD;SDlo

ang|

o < MSB OUT X ;gj’ x X LSB OUT }—
0
/

Figure 4. 3-Wire Mode-3 SPI Bus Timing Diagram
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Figure 5. 3-Wire Mode-0 SPI Bus Timing Diagram
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3.7 ABSOLUTE MAXIMUM RATINGS

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

Parameter Rating
Supply Voltage, VDD -0.5Vto+4V
Supply Voltage, VDDIO -0.5Vto+4V
Input Voltage Level (SCL, SDA) -0.5VtoVDD+0.5V
Acceleration (Any Axis, unpowered) 20,000g for 0.2 ms
Operating Temperature Range -40°C to +85°C
Storage Temperature Range -40°C to +125°C

o . 2 kV (HBM);
Electrostatic Discharge (ESD) Protection

200V (MM)
JEDEC Class 11 (2),125°C
Latch-up
+100 mA

Table 8. Absolute Maximum Ratings
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4 APPLICATIONS INFORMATION

4.1 PIN OUT DIAGRAM AND SIGNAL DESCRIPTION
PIN NUMBER PIN NAME PIN DESCRIPTION
8 VDDIO Digital I/0 supply voltage
9 ADO / SDO ADO: I12C Sla\{e Address LSB -
SDO: SPI serial data output (4-wire mode)
11 RESV RESV: Connect to GND
12 INTL/ INT INT1: Interrup'F 1 _ -
INT: Interrupt if all interrupts mapped to pin 12
13 VDD Power supply voltage
18 GND Power supply ground
INT2: Interrupt 2
19 INT2 / RESV RESV: Do notpconnect if all interrupts mapped to pin 12
20 RESV Reserved, connect to GND
22 nCS Chip select (SPI mode only)
SCL: I12C serial clock
23 SCL/sClK SCLK: SPI serial clock
SDA: I2C serial data
24 SDA /SDI/SDIO | SDI: SPI serial data input (4-wire mode)
SDIO: SPI serial data I/O (3-wire mode)
1-7,10,14-17,21 NC No Connect pins. Do not connect.

Table 9. Signal Descriptions

Q

&

50

o3 i

38988

» 3 2 2 B =z

< ™ N — o (o2}

N N N N N —
18 |GND
17 INC
16 |INC

ICM-40609-D

15 NC
14 INC
13 | VDD

~llollo|]g

NC

VDDIO
SDO / ADO
NC
RESV |11
INT1/INT | 12

Figure 6. Pin Out Diagram for ICM-40609-D 3x3.0x0.91 mm LGA
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4.2 TYPICAL OPERATING CIRCUIT

VDDIO
SCL >—
SDA >—— X
=9 3 —
83 2 -
=|3/4 o8¢
o | ol 8 9B =z
[%)
< (] N — o [}
N N N N N -
T8 LGND
17 | NC
16 |NC
ICM-40609-D
15 [NC
14 [NC
13 VDD 1.71-3.6VDC
C1,0.1pF [ C2,22 uF

NC
NC | 10

VDDIO

7
8
—— 12

SDO/ADO | g
RESV |77
INTL

1.71-3.6VDC

C3,10nF I—

Figure 7. ICM-40609-D Application Schematic (12C Interface to Host)

ADO

Note: I12C lines are open drain and pull-up resistors (e.g. 10 kQ) are required.

nCs
SCLK >——
SDI/SDI0 >——— X
32 8 ——
o g = >
=38 oglt
g | o g 28 =z
(7]
< [eg} N —l o (o))
N N N N N -
g LGND
17 | NC
16 [NC
ICM-40609-D
15 [NC
14 [NC
T3 VoD 1.71-3.6VDC
~lleflel|S]| DS
C1,0.1uF | C2,22 uF
09 8 23 ¢
o § "¢ =
>l o
[a]
%]

L71.-3.6VDC >——————
C3,10nF I—
SDo

Figure 8. ICM-40609-D Application Schematic (SPI Interface to Host)
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4.3 BILL OF MATERIALS FOR EXTERNAL COMPONENTS

Component Label Specification Quantity
. C1 X7R, 0.1uF £10% 1
VDD Bypass Capacitors
c2 X7R, 2.2uF £10% 1
VDDIO Bypass Capacitor Cc3 X7R, 10nF £10% 1

Table 10. Bill of Materials
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4.4 SYSTEM BLOCK DIAGRAM

12C/SPI

AP/MCU NS ICM-40609-D

F Y
v

Figure 9. ICM-40609-D System Block Diagram

Note: The above block diagram is an example. Please refer to the pin-out (section 4.1) for other configuration options.
45 OVERVIEW

The ICM-40609-D is comprised of the following key blocks and functions:
e  Three-axis MEMS rate gyroscope sensor with 16-bit ADCs and signal conditioning
e Three-axis MEMS accelerometer sensor with 16-bit ADCs and signal conditioning
e |2Cand SPI serial communications interfaces to Host

o Self-Test

e Clocking

e Sensor Data Registers
e FIFO

e Interrupts

e Digital-Output Temperature Sensor
e Biasand LDOs

e Charge Pump

e Standard Power Modes

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

The ICM-40609-D includes a vibratory MEMS rate gyroscope, which detects rotation about the X-, Y-, and Z- Axes. When the
gyroscope is rotated about any of the sense axes, the Coriolis Effect causes a vibration that is detected by a capacitive pickoff. The
resulting signal is amplified, demodulated, and filtered to produce a voltage that is proportional to the angular rate. This voltage is
digitized using on-chip Analog-to-Digital Converters (ADCs) to sample each axis. The full-scale range of the gyro sensors may be
digitally programmed to +15.625, +31.25, +62.5, +125, +250, +500, £1000, and +2000 degrees per second (dps).

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

The ICM-40609-D includes a 3-Axis MEMS accelerometer. Acceleration along a particular axis induces displacement of a proof mass
in the MEMS structure, and capacitive sensors detect the displacement. The ICM-40609-D architecture reduces the accelerometers’
susceptibility to fabrication variations as well as to thermal drift. When the device is placed on a flat surface, it will measure Og on
the X- and Y-axes and +1g on the Z-axis. The accelerometers’ scale factor is calibrated at the factory and is nominally independent of
supply voltage. The full scale range of the digital output can be adjusted to +4g, +8g, +16g and +32g.

4.8 12C AND SPI HOST INTERFACE

The ICM-40609-D communicates to the application processor using an I2C, or SPI serial interface. The ICM-40609-D always acts as a
slave when communicating to the application processor.

4.9 SELF-TEST

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

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

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

4.10 CLOCKING

The ICM-40609-D has a flexible clocking scheme, allowing the following internal clock sources to be used for the internal
synchronous circuitry. This synchronous circuitry includes the signal conditioning and ADCs, and various control circuits and
registers.

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

The only setting supporting specified performance in all modes is option b). It is recommended that option b) be used when using
internal clock source.

4.11 SENSOR DATA REGISTERS

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

4.12 INTERRUPTS

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

4.13 DIGITAL-OUTPUT TEMPERATURE SENSOR

An on-chip temperature sensor and ADC are used to measure the ICM-40605 die temperature. The readings from the ADC can be
read from the FIFO or the Sensor Data registers.

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

Temperature data stored in FIFO is an 8-bit quantity, FIFO_TEMP_DATA. It can be converted to degrees centigrade by using the
following formula:

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

4.14 BIAS AND LDOS
The bias and LDO section generates the internal supply and the reference voltages and currents required by the ICM-40609-D.
4.15 CHARGE PUMP

An on-chip charge pump generates the high voltage required for the MEMS oscillator.
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4.16 STANDARD POWER MODES

The following table lists the user-accessible power modes for ICM-40609-D.

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

Table 11. Standard Power Modes for ICM-40609-D
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5 SIGNAL PATH

The following figure shows a block diagram of the signal path for ICM-40609-D.

Gyro Only

Decimation Anti-Alias User

FSR Selection

GYRO_NF_DIS AAF_DIS

Figure 10. ICM-40609-D Signal Path

The signal path starts with independent 16-bit ADCs for each axis of gyroscope and accelerometer. The ADC output goes through a
Decimation Filter that has fixed bandwidth of 32kHz for ICM-40609-D. Other components of the signal path are described below in
further detail.

51 NOTCH FILTER

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

Frequency of Notch Filter (each axis)

To operate the Notch filter, two parameters NF_COSWZ, and NF_COSWZ_SEL must be programmed for each gyroscope axis.
Parameters NF_COSWZ are defined for each axis of the gyroscope as GYRO_X_NF_COSWZ (register bank 1, register 0xOFh & register
0x12h), GYRO_Y_NF_COSWZ (register bank 1, register Ox10h & register 0x12h), GYRO_Z_NF_COSWZ (register bank 1, register Ox11h
& register 0x12h). Note that the parameters have 9-bit values across two different registers.

Parameters NF_COSWZ_SEL are defined for each axis of the gyroscope as GYRO_X_NF_COSWZ_SEL (register bank 1, register 0x12h,
bit 3), GYRO_Y_NF_COSW?Z_SEL (register bank 1, register 0x12h, bit 4), GYRO_Z_NF_COSW?Z_SEL (register bank 1, register 0x12h, bit
5).

Each value must be calculated using the steps described below, and programmed into the corresponding register locations
mentioned above.

fdesired is the desired frequency of the Notch Filter in kHz. The lower bound for fdesired is 1kHz, and the upper bound is 3kHz.
Operating the notch filter outside this range is not supported.

Stepl: COSWZ = cos(2*pi*fdesired/8)

Step2:
If abs(COSWZ)<0.875
NF_COSW?Z = round[COSWZ*256]
NF_COSWZ_SEL =0
else

NF_COSWZ_SEL=1
if COSWZ > 0.875

NF_COSWZ = round [8*(1-COSWZ)*256]
else if COSWZ < -0.875

NF_COSW?Z = round [-8*(1+COSWZ)*256]

ADC  —|  Filter Notch Filter 0 » b o > Ul Filter Block - Sensor
(32kHz) Filter (AAF) m;}:ga ¢ (order, BW, ODR) Registers
1
e

Ul Interface
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End

end

Bandwidth of Notch Filter (common to all axes)

The notch filter allows the user to control the width of the notch from eight possible values using a 3-bit parameter
GYRO_NF_BW_SEL in register bank 1, register Ox13h, bits 6:4. This parameter is common to all three axes.

GYRO_NF_BW_SEL | Notch Filter Bandwidth (Hz)

0 1449
680
329
162
80
40
20
10

N(ooju || W|N|EKk

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

below.

GYRO_NF_DIS Function
0 Enable notch filter
1 Disable notch filter

5.2  ANTI-ALIAS FILTER

Anti-alias filters for gyroscope and accelerometer can be independently programmed to have bandwidths ranging from 10 Hz to 995
Hz. To program the anti-alias filter for a required bandwidth, use the table below to map the bandwidth to register values as shown:

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

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

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

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

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

Register bank 1, register OXOEh, bits 7:4, GYRO_AAF_BITSHIFT: Bitshift value for gyroscope used in hardware
implementation

3dB Bandwidth (Hz)

ACCEL_AAF_DELT;
GYRO_AAF_DELT

ACCEL_AAF_DELTSQR;
GYRO_AAF_DELTSQR

ACCEL_AAF_BITSHIFT;
GYRO_AAF_BITSHIFT

42

1

1

15

84

2

4

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

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

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

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

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

5.3 USER PROGRAMMABLE OFFSET

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

Register Address Register Name Bits Function
Lower bits of X-gyro offset programmed by user.
0x77h OFFSET_USERO 7:0
X - Max value is +64 dps, resolution is 1/32 dps.
3.0 Upper bits of X-gyro offset programmed by user.
: . .
0x78h OFFSET USER1 Max vfa\lue is 64 dps, resolution is 1/32 dps.
7.4 Upper bits of Y-gyro offset programmed by user.
) Max value is +64 dps, resolution is 1/32 dps.
Lower bits of Y-gyro offset programmed by user.
E ER2 :
Ox79h OFFSET_USER 7:0 Max value is +64 dps, resolution is 1/32 dps.
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Lower bits of Z-gyro offset programmed by user.
0x7Ah OFFSET_USER3 7:0
X - Max value is +64 dps, resolution is 1/32 dps.
3.0 Upper bits of Z-gyro offset programmed by user.
: - S
0x7Bh OFFSET_USER4 Max v_alue is 64 dps, resolution is 1/32 dps.
Upper bits of X-accel offset programmed by user.
7:4 . L
Max value is 1 g, resolution is 0.5 g.
o0x7¢Ch OFFSET_USERS 7:0 Lower bits of X-at?cel offset programmed by user.
Max value is 1 g, resolution is 0.5 g.
0x7Dh OFFSET_USER6 7:0 Lower bits of Y-ac'cel offset programmed by user.
Max value is £1 g, resolution is 0.5 g.
3.0 Upper bits of Y-accel offset programmed by user.
: . A ¢
Ox7ER OFESET USER7 M'ax value is +1 g, resolution is 0.5 g.
- Upper bits of Z-accel offset programmed by user.
7:4 . A
Max value is £1 g, resolution is 0.5 g.
Ox7Eh OFFSET_USERS 7:0 Lower bits of Z-a(?cel offset programmed by user.
Max value is £1 g, resolution is 0.5 g.

5.4 Ul FILTER BLOCK

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

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

3:2, as shown below.

GYRO_UI_FILT_ORD Filter Order
00 1%t order
01 2" order
10 3 order
11 Reserved

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

bits 4:3, as shown below.

ACCEL_UI_FILT_ORD Filter Order
00 1t order
01 2" order
10 3 order
11 Reserved

Gyroscope and accelerometer filter 3dB bandwidth can be selected by programming the parameter GYRO_UI_FILT_BW in register
bank 0, register 0x52h, bits 3:0, and the parameter ACCEL_UI_FILT_BW in register bank 0, register 0x52h, bits 7:4, as shown below.
The values shown in bold correspond to low noise and the values shown in italics correspond to low latency. User can select the
appropriate setting based on the application requirements for power and latency. Corresponding Noise Bandwidth (NBW) and
Group Delay values are also shown.

15t Order Filter 3dB Bandwidth, Noise Bandwidth (NBW), Group Delay

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

GYRO/ACCEL_UI_FILT_BW

GYRO/ACCEL_ODR

ODR(Hz) | 0 | 1 |

3 | 4| s |6 | 7] 14a] 15
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1 32000 8400.0
2 16000 4194.1
3 8000 2096.3
4 4000 1048.1
5 2000 524.0
6 1000 498.3 | 227.2 | 188.9 | 111.0 | 92.4 | 59.6 | 48.8 | 23.9 | 262.0 | 2096.3
15 500 249.1 | 113.6 | 94.4 | 55.5|46.2 | 29.8 |24.4 | 11.9 | 131.0 | 1048.1
7 200 99.6 | 909 | 75.5| 444 |37.0|23.8|19.5| 9.6 | 104.8 419.2
8 100 49.8 | 90.9| 755| 44.4(37.0|23.8(195| 9.6 | 104.8 209.6
50 249 | 909 | 755 | 44.4|37.0|23.8|19.5| 9.6 | 104.8 104.8
10 25 125 | 90.9| 755 | 444|370 |23.8|19.5| 9.6 | 104.8 52.4
11 12.5 125 90.9| 755 | 44.4|37.0|23.8|19.5| 9.6 | 104.8 524
NBW Bandwidth (Hz) for GYRO/ACCEL_UI_FILT_ORD=0 (1st order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCELODR | ODR(Hz) | 0 | 1 | 2 [ 3 | a | 5| 6 | 7 [ 14 ] 15
1 32000 8831.7
2 16000 4410.6
3 8000 2204.6
4 4000 1102.2
5 2000 551.1
6 1000 551.1 | 230.8 | 196.3 | 126.5 | 108.9 | 75.8 | 64.1 | 34.1 | 275.6 | 2204.6
15 500 280.5 | 1154 | 98.2 | 63.3| 545|379 |32.1|17.1 | 137.8 | 1102.2
7 200 112.2 | 924 | 785 | 50.6 | 43.6 | 30.3 | 25.7 | 13.7 | 110.3 440.9
8 100 56.1| 924 | 785| 50.6 | 43.6 | 30.3 | 25.7 | 13.7 | 110.3 220.5
9 50 281 | 924 | 785| 50.6 | 43.6|30.3|25.7|13.7 | 110.3 110.3
10 25 141 | 924 | 785 | 50.6| 43.6 |30.3|257|13.7 | 110.3 55.2
11 12.5 14.1| 924 | 785| 50.6 | 43.6 |30.3|257| 13.7 | 110.3 55.2
Group Delay @DC (ms) for GYRO/ACCEL_UI_FILT_ORD=0 (1st order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR | ODR(H2) o |1 ]2]3]a] s | 6 | 7 |14a]1s
1 32000 0.1
2 16000 0.1
3 8000 0.2
4 4000 0.4
5 2000 0.8
6 1000 06| 18| 20| 28| 3.1 4.1 4.7 81| 15| 0.2
15 500 11| 3.6| 40| 55| 6.1 8.1 9.3 16.2 | 3.0 | 04
7 200 27| 44| 50| 68| 7.6 10.2 11.7 203 | 38| 1.0
8 100 53| 44| 50| 6.8| 7.6 10.2 11.7 203 | 38| 1.9
50 105 | 44| 50| 68| 7.6 10.2 11.7 203 | 38| 3.8
10 25 210 | 44| 50| 68| 7.6 10.2 11.7 203 | 38| 75
11 12.5 21.0| 44| 50| 68| 7.6 10.2 11.7 20.3| 38| 7.5
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2" Order Filter 3dB Bandwidth, Noise Bandwidth (NBW), Group Delay

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

GYRO/ACCEL_UI_FILT_BW
GYRO/ACCELODR | ODR(Hz) | o | 1 | 2 | 3 | a | s | 6 | 7 | 14 | 15
1 32000 8400.0
2 16000 4194.1
3 8000 2096.3
4 4000 1048.1
5 2000 524.0
6 1000 493.3 | 230.7 | 191.6 | 117.5 | 97.1 | 59.6 | 48.0 | 21.3 | 262.0 | 2096.3
15 500 |246.7 | 1153 | 95.8 | 58.8| 48.5|29.8 |24.0|10.6 | 131.0 | 1048.1
7 200 98.7 | 92.3| 76.6| 47.0| 38.8|23.8|19.2| 85| 104.8| 419.2
8 100 493 | 923 | 76.6| 47.0| 38.8|23.8|19.2| 8.5 | 104.8 209.6
9 50 24.7 | 923 | 76.6 | 470| 388|23.8|19.2| 8.5 | 104.8 104.8
10 25 12.3| 92.3| 76.6| 470| 388|238|19.2| 85|1048| 524
11 12.5 12.3| 923 | 76.6 | 47.0| 388 |23.8|19.2| 85| 104.8 524

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

GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR | ODR(Hz) 0 \ 1 \ 2 \ 3 \ 4 \ 5 \ 6 \ 7 \ 14 \ 15
1 32000 8831.7
2 16000 4410.6
3 8000 2204.6
4 4000 1102.2
5 2000 551.1
6 1000 551.1 | 223.7 | 189.9 | 122.7 | 102.8 | 64.7 | 52.5 | 23.7 | 275.6 | 2204.6
15 500 259.6 | 1119 | 95.0| 614 | 514|324 | 26.3|11.9 | 137.8 | 1102.2
7 200 1039 | 89.5| 76.0| 49.1| 41.2 | 259 |21.0| 9.5]| 110.3 440.9
8 100 520| 89.5| 76.0| 49.1| 41.2 | 259 |21.0| 9.5| 110.3 220.5
50 26.0| 89.5| 76.0| 49.1| 41.2|25.9|21.0| 9.5 | 110.3 110.3
10 25 13.0| 895| 76.0| 49.1| 41.2|259|21.0| 9.5 | 110.3 55.2
11 12.5 13.0| 89.5| 76.0| 49.1| 41.2|259|21.0| 95| 110.3 55.2
Group Delay @DC (ms) for GYRO/ACCEL_UI_FILT_ORD=1 (2nd order filter)
GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR ODR(Hz) 0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 14 ‘ 15
1 32000 0.1
2 16000 0.1
3 8000 0.2
4 4000 0.4
5 2000 0.8
6 1000 07| 21| 24| 3.2 | 3.7 5.2 6.1 12.0| 15| 0.2
15 500 13| 41| 47| 64| 7.3 104 12.2 240| 3.0| 04
7 200 33| 51| 58| 80| 9.1 12.9 15.3 300 | 38| 1.0
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100 65| 51| 58| 80| 9.1 12.9 15.3 300 | 38| 1.9
50 129 | 51| 58| 80| 9.1 12.9 15.3 300 38| 3.8
10 25 25.7 | 51| 58| 80| 9.1 12.9 15.3 300 38| 7.5
11 12.5 25.7| 51| 58| 80| 9.1 12.9 15.3 300 38| 7.5

34 Order Filter 3dB Bandwidth, Noise Bandwidth (NBW), Group Delay

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

GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR | ODR(H2) o | 1+ | 2| 3 | als | e ] 7] 14| 15

1 32000 8400.0
2 16000 4194.1
3 8000 2096.3
4 4000 1048.1
5 2000 524.0
6 1000 | 492.9 | 234.7 | 195.8 | 118.9 | 97.9 | 60.8 | 46.8 | 25.2 | 262.0 | 2096.3
15 500 246.4 | 117.4| 97.9 | 59.5|48.9 | 30.4 | 23.4 | 12.6 | 131.0 | 1048.1
7 200 98.6 | 93.9| 78.3| 47.639.2|24.3|18.7|10.1| 104.8| 419.2
8 100 49.3 | 939| 783| 47.639.2|24.3|18.7|10.1 | 104.8| 209.6

50 24.6 | 93.9| 783| 476|39.2|243|18.7|10.1| 104.8| 104.8
10 25 12.3| 939| 783| 476|39.2|24.3|187|10.1 | 104.8 52.4
11 12.5 12.3| 93.9| 783| 47.6|39.2|24.3|187]|10.1| 104.8 52.4

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

GYRO/ACCEL_UI_FILT_BW
GYRO/ACCEL_ODR | ODR(Hz) o | 1| 2| 3| a4 |ls]e] 7] 1a] 15

1 32000 8831.7
2 16000 4410.6
3 8000 2204.6
4 4000 1102.2
5 2000 551.1
6 1000 551.1 | 221.3 | 188.5 | 120.1 | 100.0 | 62.9 | 48.6 | 26.4 | 275.6 | 2204.6
15 500 252.0 | 110.7 | 94.3 | 60.1 | 50.0 | 31.5 | 24.3 | 13.2 | 137.8 | 1102.2
7 200 100.8 | 88.6 | 75.4 | 48.1 | 40.0 | 25.2 | 19.5 | 10.6 | 110.3 440.9
8 100 504 | 886 | /54| 48.1| 40.0 | 25.2 | 19.5 | 10.6 | 110.3 220.5

50 25.2 | 886 | 754 | 481 | 40.0| 25.2 | 19.5 | 10.6 | 110.3 110.3
10 