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1 Introduction

BMI160 is a highly integrated low power MEMS inertial measurement unit (IMU) that includes a
16-bit 3-axis accelerometer (ACC) and a 16-bit 3-axis gyroscope (GYR). Each BMI160 is factory
calibrated, trimmed and tested before being shipped to end users. Therefore, for most
consumer electronics applications, it is not required to perform accelerometer and gyroscope
calibration in users’ production lines.

BMI160 has built-in self-test feature to quickly determine if the ACC and GYR will work properly
or not after PCB reflow process without the need of physically tilting or rotating the PCB. The
PCB should be stationary in the production line for self-test. If both ACC and GYR self-tests
pass, then the BMI160 will operate according to the specifications in the datasheet.

The criteria for ACC self-test is as shown in Figure 1. The absolute difference between the
acceleration values in positive direction and negative direction of the self-test should be larger
than 2g for all three axes. The ACC self-test should be performed at +8g full scale (FS) range
and the sensitivity is 4096 LSBs/g. Therefore, 2g corresponds to 8192 LSBs.

3 BMI160
' BOSCH Data sheet Page 42

Table 23: Accelerometer self test minimum difference values

x-axis signal y-axis signal z-axis signal

Minimum
difference signal 28 28 28
It is recommended to perform a reset of the device after a self-test has been performed. If the
reset cannot be performed, the following sequence must be kept to prevent unwanted interrupt
generation: disable interrupts, change parameters of interrupts, wait for at least 50ms, enahle

desired interrupts.

Figure 1 BMI160 ACC self-test criteria

The GYR self-test is straightforward. After enabling GYR self-test the result can be read out
from STATUS register 0x1B to see if the self-test passes or fails.

Section 2 of this document shows the evaluation board hardware and Windows demo software.
BMI160 ACC and GYR self-tests are presented using these tools in Section 3. The sample
pseudo codes for both ACC and GYR self-test with example data are presented in Section 4.
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2 Hardware and software setup

The hardware set is as shown in Figure 2. BMI160 shuttle board is plugged onto the application
board APP2.0. Then the APP2.0 board is connected to a PC USB port.

Application
board APP2.0

BMI160 shuttle
board

Figure 2 APP2.0 board hardware setup

The Windows demo software Development Desktop 2.0 (DD2.0) is running on the PC as shown
in Figure 3. Users can configure sensors’ registers and evaluate the features of each sensor.
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3 BMI160 self-test
3.1 ACC self-test
According to the datasheet, the ACC self-test,

(1) should be performed at +8g full scale range normal mode with 1600Hz output data rate
(ODR)

(2) should have the amplitude set to high which means that the acc_self_test_amp bit in
register 0x6D should be set to “1”

(8) should be triggered with any axis at positive direction, then read the acceleration values
after 50ms delay

(4) should be triggered with any axis at negative direction, then read the acceleration values

after 50ms delay

(5) should calculate the difference between positive direction and negative direction to see if

it is larger than 2g or 8192 LSBs
(6) should have the soft reset once the self-test is done

Figure 4 shows ACC self-test at positive direction. Any axis can be used for self-test and then
the acceleration values of X/Y/Z axes can be read from data registers 0x12 to 0x17.

_ Development Deskiop 2.0 - BMI60]
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Figure 4 ACC self-test at positive direction
It can be seen in Figure 4 that,
Ax, = [(0x13 << 8) | 0x12] = OxDFEA = -8214 LSBs
Ay, = [(0x15 << 8) | 0x14] = 0x9495 = -27499 LSBs
Az, = [(0x17 << 8) | 0x16] = OxFC3B = -965 LSBs
Figure 5 shows ACC self-test at negative direction.
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Figure 5 ACC self-test at negative direction

It can be seen in Figure 5 that,

Ax. = [(0x13 << 8) | 0x12] = 0x22CA = 8906 LSBs
Ay. = [(0x15 << 8) | 0x14] = 0x7A96 = 31382 LSBs
Az. = [(0x17 << 8) | 0x16] = 0x2E63 = 11875 LSBs

Therefore, the ACC self-test results are,

Ax_selftest = abs(Ax. — Ax.) = abs(-8214 — 8906) = 17120 LSBs
Ay _selftest = abs(Ay. — Ay.) = abs(-27499 — 31382) = 58881 LSBs
Az_selftest = abs(Az. — Az.) = abs(-965 — 11875) = 12840 LSBs

Because the ACC self-test results of X/Y/Z axes are all larger than 8192 LSBs or 2g, the ACC
self-test passes.

3.2 GYR self-test
According to the datasheet, the GYR self-test,

(1) should be performed at normal mode with any full scale range and any ODR

(2) should be triggered by setting the gyr_self_test_enable bit in register 0x6D to “1”

(8) should have 20ms delay after triggering self-test

(4) should check the gyr_self_test_ok bit in STATUS register Ox1B. If the bit is “1”, then it
means the GYR self-test passes. Otherwise, it fails.

Figure 6 shows the GYR self-test at normal mode with default +2000dps full scale range and
100Hz ODR. After clicking the “Self Test” button in Gyroscope panel, the result shows “PASS”
immediately. This is with respect to the value in register 0x1B. The value is 0x10 before GYR
self-test and 0x12 after GYR self-test.
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Figure 6 GYR self-test

4 Sample code for self-test

The following is the pseudo code for BMI160 ACC and GYR self-test. BMI160 is stationary
during the self-test.

void BMI160_ACC_selftest(void)

{

©

// basic configurations
Write value of 0xB6 to register Ox7E; [/ soft reset BMI160 to default settings
Delay 50ms;
Write value of 0x11 to register Ox7E; // set the accelerometer to normal mode
Delay 5ms; // wait for accelerometer to stabilize
Write value of 0x08 to register 0x41; // set FS range to +/-8g
Write value of 0x2C to register 0x40; // set ODR to 1600Hz
// start ACC self-test. The acc_self_test_amp bit in register 0x6D must be set
Write value of 0x0D to register 0x6D; /] enable self-test at positive direction
Delay 50ms;
Read 6 bytes data registers from 0x12 to 0x17 as Ax., Ay. and Az.;
/] example: Ax: = [(0x13 << 8) | 0x12] = OxDFEA = -8214 LSBs
Ay. = [(0x15 << 8) | 0x14] = 0x9495 = -27499 LSBs
Az. = [(0x17 << 8) | 0x16] = OXFC3B = -965 LSBs
Write value of 0x09 to register 0x6D; // enable self-test at negative direction
Delay 50ms;
Read 6 bytes data registers from 0x12 to 0x17 as Ax., Ay. and Az
// example: Ax. = [(0x13 << 8) | 0x12] = 0x22CA = 8906 LSBs
Ay. = [(0x15 << 8) | 0x14] = 0x7A96 = 31382 LSBs
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Az. = [(0x17 << 8) | Ox16] = 0x2E63 = 11875 LSBs

// calculate self-test results

Ax_selftest = abs(Ax. — Ax.);

Ay_selftest = abs(Ay: — Ay.);

Az_selftest = abs(Az: — Az.);

// example: Ax_selftest = abs(-8214 — 8906) = 17120 LSBs
Ay _selftest = abs(-27499 — 31382) = 58881 LSBs
Az_selftest = abs(-965 — 11875) = 12840 LSBs

// conclusion: at +/-8g FS range, 2g corresponds to 8192 LSBs
If ((Ax_selftest >= 8192 LSBs) && (Ay_selftest >= 8192 LSBs) && (Az_selftest >= 8192
LSBs))
BMI160 ACC self-test PASSES
Otherwise,

BMI160 ACC self-test FAILS

Write value of 0xB6 to register OX7E; // soft reset BMI160 to default settings and
exit
Delay 50ms;
}
void BMI160_GYR_selftest(void)
{
// basic configurations
Write value of 0xB6 to register Ox7E; // soft reset BMI160 to default settings
Delay 50ms;
Write value of 0x15 to register OX7E; // set the GYR to normal mode with default
+2000dps full scale range and 100Hz ODR
Delay 55ms; // wait for GYR to stabilize
// start GYR self-test
Write value of 0x10 to register 0x6D; // enable GYR self-test
Delay 20ms; // wait for selftest to be done
GYR_selftest = Read register 0x1B; /fread STATUS register 0x1B

// conclusion:
If (GYR_selftest & 0x02) != 0))

BMI160 GYR self-test PASSES
Otherwise,

BMI160 GYR self-test FAILS

Write value of 0xB6 to register Ox7E; // soft reset BMI160 and exit
Delay 50ms;
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5 Legal disclaimer
5.1 Engineering samples

Engineering Samples are marked with an asterisk (*) or (e) or (E). Samples may vary from the
valid technical specifications of the product series contained in this data sheet. They are
therefore not intended or fit for resale to third parties or for use in end products. Their sole
purpose is internal client testing. The testing of an engineering sample may in no way replace
the testing of a product series. Bosch Sensortec assumes no liability for the use of engineering
samples. The Purchaser shall indemnify Bosch Sensortec from all claims arising from the use of
engineering samples.

5.2 Productuse

Bosch Sensortec products are developed for the consumer goods industry. They may only be
used within the parameters of this product data sheet. They are not fit for use in life-sustaining
or security sensitive systems. Security sensitive systems are those for which a malfunction is
expected to lead to bodily harm or significant property damage. In addition, they are not fit for
use in products which interact with motor vehicle systems.

The resale and/or use of products are at the purchaser’s own risk and his own responsibility.
The examination of fitness for the intended use is the sole responsibility of the Purchaser.

The purchaser shall indemnify Bosch Sensortec from all third party claims arising from any
product use not covered by the parameters of this product data sheet or not approved by Bosch
Sensortec and reimburse Bosch Sensortec for all costs in connection with such claims.

The purchaser must monitor the market for the purchased products, particularly with regard to
product safety, and inform Bosch Sensortec without delay of all security relevant incidents.

5.3 Application examples and hints

With respect to any examples or hints given herein, any typical values stated herein and/or any
information regarding the application of the device, Bosch Sensortec hereby disclaims any and
all warranties and liabilities of any kind, including without limitation warranties of non-
infringement of intellectual property rights or copyrights of any third party. The information given
in this document shall in no event be regarded as a guarantee of conditions or characteristics.
They are provided for illustrative purposes only and no evaluation regarding infringement of
intellectual property rights or copyrights or regarding functionality, performance or error has
been made.
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6 Document history and modification
Rev. No Chapter Description of modification/changes Date
1.0 Document creation May 28%, 2015
Added “Delay 55ms; // wait for GYR to
stabilize” and “Delay 20ms; // wait for
11 selftest to be done” in May 25, 2016
BMI160_ GYR_selftest function
Added “Delay 5ms; // wait for
1.2 accelerometer to stabilize ||.1 May 26%, 2016
BMI160_ACC_selftest function
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