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Abstract
This article outlines the current methods used to enable true power-on (TPO) 
multiturn sensing capabilities and introduces a new simplified solution that is 
set to reshape both the industrial and automotive position sensing markets. The 
simplified system will enable designers, with or without magnetic system design 
experience, to replace bulky and expensive incumbent solutions.

Introduction
Position sensors and encoders are ubiquitous in automotive and industrial applications 
where it is vital that the position of the system is known at all times. However, incum-
bent position sensors and encoders can only provide a single turn or 360° TPO position 
information. Systems that require TPO position information over multiple rotations 
or wider measurement range typically incorporate a backup power supply to track and  
memorize the multiple rotations of the single turn sensor after an unexpected loss  
of power, or to track multiple turn movement during key-off or power-down. 
Alternatively, a gear reduction mechanism can be added to the system to reduce 
the multiple rotations to a single turn, and in combination with a single turn sen-
sor, to find TPO multiturn position information. These solutions are expensive and 
bulky, and, in the case of the battery backup system, a regular maintenance contract  
is required.

Rotary and linear encoders are key devices used in applications where the system 
designer needs to ensure that the position of a mechanical system is always known for 
closed-loop control, even after a loss of power either as part of the normal operating 

cycle or accidental. The challenge for system designers is to ensure that the TPO posi-
tion is available even after a loss of power. If the system state is lost, then a lengthy and 
often complex procedure is required to reset the system into a known state.

Incumbent Solutions
Modern factories are becoming more dependent on robots and cobots to reduce 
cycle times, increase factory throughput, and improve efficiency. One of the 
major costs and inefficiencies associated with standard robots, cobots, and other 
automated assembly equipment is the resulting downtime required for rehoming 
and intializing power-up following a sudden loss of power while operating. This 
resulting downtime and productivity loss are both costly and inefficient. Although 
this issue can be solved with backup batteries, memory, and single turn sensors, 
these solutions have their limitations. Battery packs have a limited life span, and 
maintenance/service contracts are required to manage the battery replacement. 
In certain environments, where there is a risk of explosion, the maximum energy 
that can be stored in the battery pack is limited. The reduction in energy stor-
age leads to a shorter maintenance cycle where the batteries must be replaced 
more frequently.

An alternative to battery backup is the use of Wiegand wire energy harvesting 
modules. These modules make use of a specially treated wire where the mag-
netic coercivity of the outer shell is much higher than the coercivity of the inner 
core. The different coercivities create voltage spikes at the device output when 
a magnetic field is rotated. The spikes can be used to power external circuitry 
and record the number of turns in a ferroelectric random-access memory (FRAM).
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The magnetic multiturn memory that has been developed by Analog Devices 
requires no external power to record the number of rotations of an external mag-
netic field. This leads to a reduced system size and cost.

Multiturn Sensor Technology
At the core of the magnetic multiturn sensor is a spiral of giant magnetore-
sistance (GMR) material made up of multiple nanowires of GMR elements. The  
operating principle of the sensor is based on shape anisotropy and the genera-
tion of domain walls in a domain wall generator in the presence of an external 
magnetic field. As the external magnetic field rotates, the domain walls propagate 
through the narrow spiral tracks (nanowires) attached to the domain wall genera-
tor, as shown in Figure 1.
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Figure 1. The multiturn principle of the operation.

As the domain walls move through the spiral leg structures, the state of each 
spiral leg element changes. Since the elements are fabricated from GMR mate-
rial, the state of each one can be determined by measuring their resistance.  
The sensor relies only on the external magnetic field, and no additional backup 
power or energy harvesting technique is needed for the turn counting operation. 
When power is reapplied to the sensor, a reading of the turn count state is avail-
able with no further user actions or system resetting required.

A Combined Technology Solution that Simplifies 
System Design
The top level block diagram of the ADMT4000, shown in Figure 2, combines the 
earlier described GMR multiturn sensor with a highly accurate AMR angle sen-
sor and integrated signal conditioning IC to provide a solution that is capable 
of recording 46 turns or 16,560° of movement with a typical accuracy of ±0.25°. 
The integrated signal conditioning IC enables further system enhancements to 
support harmonic calibration, which can remove errors due to magnetic and 
mechanical tolerances from the application. The ADMT4000 provides absolute  
46 turn (0° to 16,560°) digital output via an SPI or SENT interface.
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Figure 2. The ADMT4000 multiturn sensor block diagram.
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The ADMT4000 is positioned opposite a dipole magnet mounted to the rotating 
shaft as depicted in Figure 3.

Figure 3. The ADMT4000 typical application assembly.

ADI is preparing a magnetic reference design that will enable users with little 
or no magnetic design capability to easily adopt the ADMT4000 in their applica-
tion. In addition to the core magnet design, this reference design will also provide 
immunity and robustness to stray magnetic fields, which will allow customers to 
implement the sensor in harsh environments. Stray fields can be generated from 
many sources where currents are carried in a wire, in particular, when used in 
close proximity to electric motors or actuators.

ADMT4000 capabilities are valuable in many industrial applications including 
robot and cobot arm joint position tracking in the event of a power outage or dur-
ing power-down (see Figure 4). Other industrial applications include the absolute 
and TPO tracking of x-y tables in industrial automation, machine tools or medical 
equipment applications (shown in Figure 5). Other rotary to linear applications 
include, but are not limited to the turn counting of coils, drums, spools, reels, 
hoists, winches, and lifts (Figure 6) when powered or movement tracking when 
powered down or during power outages.
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Figure 4. The ADMT4000 in a robot/cobot application.
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Figure 5. The ADMT4000 in a rotary to linear actuator application.
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Figure 6. Wire draw encoder applications.

Additionally, TPO position sensing provided by the ADMT4000 is of significant 
value for automotive applications including, but not limited to, transmission 
actuators (Figure 5), electrical power steering (EPS) including steer-by-wire 
(Figure 7), parking lock actuators, other general-purpose actuators, and seat belt 
retractors (Figure 8).
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Figure 7. A steer-by-wire application.
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Figure 8. A seat belt retractor application.

The size, cost, and operating temperature range of the ADMT4000 enable its use 
in a wide range of applications including safety critical applications in the auto-
motive and industrial space. Automotive safety critical applications are compliant 
to the ISO 26262 standard and a particular automotive safety integrity level (ASIL). 
The ADMT4000 will be supplied as either ASIL-QM or ASIL-B(D) to suit applications 
that do and don’t need the advanced ASIL or SIL functionality.

Conclusion
The ADMT4000 and the first integrated TPO multiturn position sensor are set to 
significantly reduce system design complexity and effort, ultimately resulting 
in smaller, lighter, and lower cost solutions. The ease of use of the ADMT4000 
will enable designers with and without magnetic design capability to add new 
and improved functionality to current applications and open the door to many  
new applications.

To find out more about the ADMT4000 and the magnetic reference design, please 
contact your local ADI sales team who will be happy to discuss your requirements 
and applications or visit analog.com/magnetics.

https://www.analog.com/en/product-category/magnetic-field-sensors.html


About the Author
Stephen Bradshaw has a B.Eng. in electrical engineering from the University of Leeds as well an M.Sc. and Ph.D. in optoelectronics 
from the University of Glasgow. During the early part of his career, Stephen was responsible for the design and characterization of 
the lens used in the first generation of mobile phone cameras with STMicroelectronics before working on Gbps optical transceivers 
at Maroni and most optical transceivers at Nanotech Semiconductor. Stephen has been with ADI for over 10 years as an applications 
engineer supporting both LiFe and Pb-Acid battery monitoring product lines and magnetic position sensors.

About the Author
Christian Nau is a product marketing manager at Analog Devices and has a background in automotive electronics and sensors. 
He joined ADI in 2015 as a field applications engineer and subject matter expert supporting magnetic sensors in the EMEA region. 
Since 2019, Christian has been working in ADI’s Magnetic Sensor Technology Group, supporting customer engagements on existing 
products and working on the future direction of the group covering multiple markets.

About the Author
Enda Nicholl is a strategic marketing manager for magnetic sensors at Analog Devices based in Limerick, Ireland. Enda was a 
mechanical engineer and joined ADI back in 2006. He has almost 30 years of experience in the field of sensors and sensor interface 
products across a broad range of applications and markets including automotive and industrial. Enda, throughout his career, has 
worked in product applications, field applications and sales, as well as strategic business development and marketing.

VISIT ANALOG.COMFor regional headquarters, sales, and distributors or  
to contact customer service and technical support,  
visit analog.com/contact.

Ask our ADI technology experts tough questions, browse 
FAQs, or join a conversation at the EngineerZone Online 
Support Community. Visit ez.analog.com.

©2022 Analog Devices, Inc. All rights reserved.  
Trademarks and registered trademarks are  
the property of their respective owners.

https://www.analog.com
https://www.analog.com/contact
https://ez.analog.com/
https://www.analog.com

	Abstract
	All Copy Below for Placement Only
	Heading One
	More On the Ad5764

	Lorem Ipsum Dolor Sit Amet
	Heading Two
	Table 1. Heading Two

	Conclusion
	References

	Button 13: 
	Page 1: 

	Button 12: 
	Page 1: 

	Button 11: 
	Page 1: 

	Button 10: 
	Page 1: 

	Button 9: 
	Page 1: 

	Button 8: 
	Page 1: 



