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1 Introduction

Nowadays, the current sensing function is becoming increasingly adopted in power electronics and power distribution,
with the aim to control, monitor and/or diagnose electrical systems. The control function is there for conversion sys-
tems such AC/DC, DCDC, and DC/AC converters. The monitoring relates to power distribution in general. Finally, the
diagnosis function is linked to the detection of anomalies that require either immediate action for protection against
hazardous situations (overcurrent, ...) or to detect malfunctioning and failures, to react fast and place the systemin a
safe state.

In many cases, the currents needed to be measured are relatively small (below 100A), but additional requirements such
as voltage isolation, surge current capability, non-intrusiveness of the measurement, make the search for a current
sensing solution not trivial. Designers need to factor in a plethora of requirements and constraints which makes it diffi-
cult to maintain the overview of the pros and cons of each technology. This application note aims to provide a good
comparison between different current sensing options on the grounds of a few Key Performance Indicators (KPIs) such
as the field factor, the ability to measure AC & DC currents, the mechanical integration, the type of conductor and the
susceptibility to stray fields and crosstalk.

Melexis proposes different solutions based on the wide portfolio of current sensors, supporting the various require-
ments linked to a given application. Among these, the IMC sensors are a versatile option.

2 IMC: a reliable solution for planar current sensing

Melexis has a 20 years’ experience with IMC (Integrated Magnetic Concentrators) current sensors, being the first solu-
tion enabling hall effect sensing of in-plane magnetic fields.

Compared to other in-plane sensing technologies, IMC allows reliable sensors over lifetime (at the same performance
of hall effect sensors), with controlled offset and stable performances over temperature. These sensors are also solid
against overcurrent events that would not damage the sensing element. Figure 1 describes the structure of an IMC sen-
sor, showing the magnetic concentrators in the package, on top of the hall plates. The concentrators have 2 roles: to
bend the magnetic field so that it is detectable by the hall plates, and to amplify it.
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Figure 1: (a) exploded view of an IMC sensor and (b) sensing direction of a general IMC sensor.

Melexis developed different types of IMC versions, covering different field full scales, as shown in Figure 2 (including
also the magnetic gain).
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Figure 2: IMC magnetic field coverage and gain for different types.

Melexis portfolio includes different generations of current sensors, implementing all IMC types. The new sensor
MLX91218 with IMC type LF, introduces state of the art performances, allowing to boost the sensitivity to up to
600mV/mT with a very large signal to noise ratio. This sensor can be used in different applications, enabling non-intru-
sive current sensing for currents smaller than 100A.

3 Applications for Low Field IMC sensors

Low field IMC sensors can be used for a wide range of different applications, for instance: systems requiring low current
measurement but with risk of very high surge current events, systems requiring non-intrusive, clamp-on solutions, or
systems requiring non-intrusive, shield less sensing.

3.1 Low current measurement, high surge currents with ferromagnetic shield

In some applications, such as for instance chargers, currents at the AC input are below 100A (for instance, 80A peak
value). However, in such systems very high surge current events could occur, at current levels that can be above 1.5kA
for more than 10ms. These are challenging conditions for many current sensing solutions, but optimal for the low field
IMC sensor. Figure 3 shows an example of how this sensor can be simply integrated on a PCB, and by means of a shield
with a width of 12mm, accurately measure the current, allowing still a wide conductor able to withstand large surge
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currents. The use of the shield guarantees protection against external magnetic fields, and improvement of the signal to
noise ratio.

Figure 3: Use of IMC with shield for measuring currents on PCB traces.

3.2 Non-intrusive measurements with clamp-on?

When needing to update an existing infrastructure, introducing smart current monitoring, a non-intrusive solution can
help avoiding expensive maintenance operations. One example of this is the clamp-on, consisting in a 2 parts ferromag-
netic concentrator, one on a flat surface, another on a U-shape clamp, that once closed around a wire, allows to accu-
rately measure the current flowing inside it, enabling measurement of currents as low as ampere range (see Figure 4).

(a) (b)

Figure 4: (a) clamp on solution and (b) exploded view.

1Source: CTS
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3.3 Non-intrusive measurements, shield-less

In some applications, simply measuring the current without the need of a ferromagnetic concentrator is a possibility. In
this case, the low field IMC sensor can be placed on top of the conductive trace or wire, to obtain non-intrusive infor-
mation about the current (see Figure 5).

Figure 5: shield-less solution with IMC sensor.

However, this solution is subjected to the influence of other horizontal magnetic fields present in the environment: the
IC will measure the totality of the horizontal magnetic field, which is the sum of the one generated by the current un-
derneath and the stray fields originating from permanent magnets, inductances, nearby current traces and finally also
the earth magnetic field.
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4 Conclusions
In this application note, we discussed different solutions to measure currents, below 100A, using the Melexis IMC tech-
nology. In Table 1 we can find these solutions compared.

Sensing Conductor SHEHESE : Largest. SinimGn Stray field
o s Com-iuctor Field Factor mag.n.et.lc full-scale T
width sensitivity current
IMC — Shield PCB trace 10 mm 110 uT/A 600 mV/mT 30A 16
IMC — Clamp-on Wire N/A 280 uT/A? 600 mV/mT 12A >16
IMC — Shield less PCB trace 10 mm 56 UT/A 600 mV/mT 60 A 1

Table 1: Comparison between different technologies available at Melexis.

The following list clarifies the naming used in Table 1.
e Sensing configuration: this is the configuration considered, as described in section 3.
e Conductor type: this is the type of conductor that is used in the specific configuration.
Smallest conductor width: this is the smallest dimension of the current conductor, in proximity of
the sensor. For instance, this is 3mm for MLX91235 in Figure X.
Field Factor: this parameter represents the coupling between the magnetic field and the current. It
expresses how many uT of magnetic field are generated per Ampere of current, for a specific sensor
configuration.
Largest Magnetic Sensitivity: this is the maximum magnetic sensitivity achievable on a sensor. This is
sensor specific.
e Minimum full-scale current: this is the minimum full scale current that we can achieve. This is calcu-
lated considering a full-scale analog output of 2000mV.
Stray field immunity: this parameter represents how much an external stray field, in the sensing di-
rection, is rejected from the measurements. This is computed as the ratio between the stray field
value and the field that reaches the sensor. If the stray field immunity is 16, and the external field is
1mT, the sensor will only measure 63uT.
Overall, comparing these 3 options, we see that:
e IMC - Shield: optimal for PCB traces and bus bars measurements, with high stray field immunity and
signal to noise ratio, requiring the use of a ferromagnetic shield.
e IMC - Clamp-on: optimal for non-intrusive measurements of current flowing in wires, for instance
for upgrading existing systems giving them new functions for smart current monitoring.
e [MC - Shield less: depending on the external magnetic environment, this solution can be a valuable
low-cost option. However, it should be clear that such a device will measure both the external mag-
netic fields and the magnetic field generated by the measurement current with the same accuracy.

5 Revision history

001 27/03/2025 First version

Table 2: Revision history

2 Source: CTS
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6 Disclaimer

The content of this document is believed to be correct and accurate. However, the content of this document is furnished "as is" for
informational use only and no representation, nor warranty is provided by Melexis about its accuracy, nor about the results of its im-
plementation. Melexis assumes no responsibility or liability for any errors or inaccuracies that may appear in this document. Customer
will follow the practices contained in this document under its sole responsibility. This documentation is in fact provided without war-
ranty, term, or condition of any kind, either implied or expressed, including but not limited to warranties of merchantability, satisfac-
tory quality, non-infringement, and fitness for purpose. Melexis, its employees and agents and its affiliates' and their employees and
agents will not be responsible for any loss, however arising, from the use of, or reliance on this document. Notwithstanding the fore-
going, contractual obligations expressly undertaken in writing by Melexis prevail over this disclaimer.

This document is subject to change without notice, and should not be construed as a commitment by Melexis. Therefore, before plac-
ing orders or prior to designing the product into a system, users or any third party should obtain the latest version of the relevant
information.

Users or any third party must determine the suitability of the product described in this document for its application, including the level
of reliability required and determine whether it is fit for a particular purpose.

This document as well as the product here described may be subject to export control regulations. Be aware that export might require
a prior authorization from competent authorities. The product is not designed, authorized or warranted to be suitable in applications
requiring extended temperature range and/or unusual environmental requirements. High reliability applications, such as medical life-
support or life-sustaining equipment or avionics application are specifically excluded by Melexis. The product may not be used for the
following applications subject to export control regulations: the development, production, processing, operation, maintenance, stor-
age, recognition or proliferation of:

1. chemical, biological or nuclear weapons, or for the development, production, maintenance or storage of missiles for such weapons;
2. civil firearms, including spare parts or ammunition for such arms;

3. defense related products, or other material for military use or for law enforcement;

4. any applications that, alone or in combination with other goods, substances or organisms could cause serious harm to persons or
goods and that can be used as a means of violence in an armed conflict or any similar violent situation.

No license nor any other right or interest is granted to any of Melexis' or third party's intellectual property rights.

If this document is marked “restricted” or with similar words, or if in any case the content of this document is to be reasonably under-
stood as being confidential, the recipient of this document shall not communicate, nor disclose to any third party, any part of the doc-
ument without Melexis’” express written consent. The recipient shall take all necessary measures to apply and preserve the confiden-
tial character of the document. In particular, the recipient shall (i) hold document in confidence with at least the same degree of care
by which it maintains the confidentiality of its own proprietary and confidential information, but no less than reasonable care; (ii)
restrict the disclosure of the document solely to its employees for the purpose for which this document was received, on a strictly need
to know basis and providing that such persons to whom the document is disclosed are bound by confidentiality terms substantially
similar to those in this disclaimer; (iii) use the document only in connection with the purpose for which this document was received,
and reproduce document only to the extent necessary for such purposes; (iv) not use the document for commercial purposes or to the
detriment of Melexis or its customers. The confidentiality obligations set forth in this disclaimer will have indefinite duration and in
any case they will be effective for no less than 10 years from the receipt of this document.

This disclaimer will be governed by and construed in accordance with Belgian law and any disputes relating to this disclaimer will be
subject to the exclusive jurisdiction of the courts of Brussels, Belgium.

The invalidity or ineffectiveness of any of the provisions of this disclaimer does not affect the validity or effectiveness of the other pro-
visions.

The previous versions of this document are repealed.

Melexis © - No part of this document may be reproduced without the prior written consent of Melexis. (27 March 2025)

IATF 16949 and ISO 14001 Certified

Happy to help you! www.melexis.com/technical-inquiry
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