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1 INTRODUCTION 
Physical properties of MEMS structures and CMOS die are not perfect because of fabrication variations in the 
silicon die and package stresses. The effects manifest as offset when the sensor is stationery and result in 
inaccurate motion sensing. When a gyro is stationary, the unwanted non-zero output is gyro offset. When there is 
no linear acceleration, the accel output is accel offset. 

The offset affects sensor data integration result directly. The small amount of error from the offset can accumulate 
to become a bigger error. Most of applications need offset calibration.  

This document will explain the details of sensor offset, which are very important to understand. 
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2 PART LEVEL OFFSET VS. BOARD LEVEL OFFSET 

2.1 PART LEVEL OFFSET 

When the part is not soldered to the PCB board, the offset value measured is part level offset. This offset reflects 
part silicon variation and asymmetrical part packaging. Most IMU products have this offset value in the datasheet. 

 

2.2 BOARD LEVEL OFFSET 

After the part has been soldered to the PCB board, sensor offset will be changed from its part level value. The 
change is caused by soldering asymmetry and PCB board mechanical stress under different temperatures and 
other conditions such as tightening mounting screws, and so on. 

 

2.3 TDK IMU BOARD LEVEL OFFSET IN DATASHEET 

TDK includes sensor board level offset in some product datasheets. The board level offset is measured using a 
special setup which includes PCB and aluminium PCB support base. Figure 1 shows this measurement setup.  

Most user products have different board structures and thickness than this setup. In such cases, you should not 
apply the TDK datasheet value to your product directly. Some adjustment calculations are needed. 

 

 

Figure 1. TDK board level sensor offset test platform 
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3 BOARD LEVEL OFFSET CONSIDERATION 
Sensor output measured by the end user of the production device is board level offset, which is more than just 
part level offset. It is the cumulative effect of offset, sensitivity, temperature variations, local variations (PCB 
bending, misalignment), etc. 

There are two popular offset calculation methods.  

3.1 DEVICE OFFSET CALCULATION  

3.1.1 Maximum Sum Method 

Maximum sum method is mostly used in consumer products.  

User production device offset specification should be  

Device offset = ±(Total offset + BoardVar) * (1 + Total sensitivity) 

Equation 1. Maximum Sum Calculation 

In Equation 1: 

• Total offset = (Initial offset + Offset over Temperature) 
o Offset over temperature = TCO*TempVar (temperature variance) 

• BoardVar = Variation from PCB board mechanical stress and part assembly. Derived on a case-by-case 
basis from user product setup. 

• Total sensitivity = (Initial sensitivity + sensitivity over Temperature) 
o Sensitivity over temperature = TCS*TempVar (temperature variance) 
o  

 

3.1.2 Root Sum Squared Method 

Root sum squared method is used in automotive and machinery industry mostly. 

Product offset = ±sqrt ( (initial offset)2+(offset over T)2+(Others)2 )*(1+Total sensitivity) 

Equation 2. Root Sum Squared Calculation  

In Equation 2: 

• Initial offset = IMU sensor initial offset. 

• Offset over T = Offset over temperature = TCO*TempVar (temperature variance) 

• Others includes  
o BoardVar = Variation from PCB board mechanical stress and part assembly. Derived on a case-

by-case basis from user product setup. 

• Total sensitivity = (Initial sensitivity + sensitivity over Temperature) 
o Sensitivity over temperature = TCS*TempVar (temperature variance) 

 

3.2 OFFSET CALCULATION EXAMPLE 

ICM-45631 gyro will be used for this calculation example.   

From the ICM-45631 DS, Gyro max spec: Offset = ±3 dps, TCO = ±0.02 dps/°C, TCS = ±0.02%/°C, Initial 
sensitivity_Error = ±1%.  

User environment assumptions: Assume “BoardVar” = ±3dps; TempVar = 40°C 

 

3.2.1 Maximum Sum Method Example 

Example user production device offset spec: 

• Initial offset = 3 dps; Offset over temperature = 0.02*40 = 0.8 dps 

• BoardVar = 3 dps 
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• Initial sensitivity error = 1%; Sensitivity error over temperature = 0.02*40 = 0.8% 

• Total offset = (3 + 0.8 + 3)*(1 + 1% + 0.8%) = 6.8 * 1.018 = 6.92 dps 
 

3.2.2 Root Sum Squared Method Example 

Example user production device offset spec: 

• Initial offset = 3 dps; Offset over temperature = 0.02*40 = 0.8 dps 

• Others (BoardVar) = 3 dps 

• Initial sensitivity error = 1%; Sensitivity error over temperature = 0.02*40 = 0.8% 

• Total offset = sqrt ( (3)2 + (0.8)2 + (3)2 )*(1 + 1% + 0.8%) = 4.39 dps 
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4 DETERMINING YOUR SENSOR OFFSET 
If an assembled device shows out-of-spec offset initially, we recommend running a power cycle test 5 times on this 
device. Devices that still show out-of-spec offset should be further debugged and may be considered for possible 
failure analysis. 
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5 REVISION HISTORY 

REVISION DATE REVISION DESCRIPTION 

12/16/2020 1.0 Initial Release 

03/19/2021 1.1 Added root sum squared calculation method 

05/21/2021 1.2 Fixed a typo. 

03/16/2023 1.3 

1) removed HTOL 

2) changed calculation example from ICM-42686-P to ICM-45631 

3) updated chapter 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 AN-000257 
 

Page 9 of 9 

Document Number: AN-000257 
Revision: 1.3 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This information furnished by InvenSense or its affiliates (“TDK InvenSense”) is believed to be accurate and reliable. However, no responsibility 
is assumed by TDK InvenSense for its use, or for any infringements of patents or other rights of third parties that may result from its use. 
Specifications are subject to change without notice. TDK InvenSense reserves the right to make changes to this product, including its circuits 
and software, in order to improve its design and/or performance, without prior notice. TDK InvenSense makes no warranties, neither expressed 
nor implied, regarding the information and specifications contained in this document. TDK InvenSense assumes no responsibility for any claims 
or damages arising from information contained in this document, or from the use of products and services detailed therein. This includes, but is 
not limited to, claims or damages based on the infringement of patents, copyrights, mask work and/or other intellectual property rights.  

Certain intellectual property owned by InvenSense and described in this document is patent protected. No license is granted by implication or 
otherwise under any patent or patent rights of InvenSense. This publication supersedes and replaces all information previously supplied. 
Trademarks that are registered trademarks are the property of their respective companies. TDK InvenSense sensors should not be used or sold 
in the development, storage, production or utilization of any conventional or mass-destructive weapons or for any other weapons or life 
threatening applications, as well as in any other life critical applications such as medical equipment, transportation, aerospace and nuclear 
instruments, undersea equipment, power plant equipment, disaster prevention and crime prevention equipment.  

©2020—2023 InvenSense. All rights reserved. InvenSense, SmartMotion, MotionProcessing, MotionProcessor, SensorStudio, UltraPrint, 
MotionTracking, CHIRP Microsystems, SmartBug, SonicLink, Digital Motion Processor, AAR, and the InvenSense logo are registered trademarks 
of InvenSense, Inc. The TDK logo is a trademark of TDK Corporation. Other company and product names may be trademarks of the respective 
companies with which they are associated. 

 
©2020—2023 InvenSense. All rights reserved. 


