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1. Scope

The MLX91220 is an Integrated Current Sensor that senses the current flowing through the leadframe of the
SOIC package. By virtue of fixing the current conductor position with respect to the monolithic CMOS sensor,
a fully integrated Hall-effect current sensor is obtained, that is factory calibrated.

Inside the package, the magnetic flux density generated by the current flow is sensed differentially by two
sets of Hall plates. As a result, the influence of external disturbing fields originating from the dense power
electronics surrounding the IC is minimized in the fast analog front-end.

Melexis differential sensing solution makes it one of the most robust solutions in the market regarding
Common Mode. It is still important to understand the effects of an external disturbing field in order to
optimize the design of the application as not only common mode can influence the output but also magnetic
field gradients generated by. nearby current paths.

2. Theory

2.1. External Field Error Contributors
External field can impact sensor output in two ways.

1) The distance between the two Hall Plate clusters causes the two Hall Plates to see a different magnetic
field originated from the same source (eg. Nearby current trace)
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2) Due to the sensitivity mismatch between two Hall Plate clusters, a common-mode external field
translates into a differential output signal

Ierror_total = Ierror_gradient + Ierror_CM

2.2. Gradient Induced Error

A current conductor generates magnetic field. If we consider the conductor long enough, we can derive the
magnetic field at a distance rof the conductor according Ampere’s Law:

— Hair
2nr’

B

In the MLX91220, the magnetic field is sensed differentially through the two sets of Hall plates.

_ Hair ] — Hair

AB = . .
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I

Where 1y is the distance to the first set of Hall plates and r;, is the distance to the second set of Hall plates.

D is the shortest distance between the wire and the center of the two sets of Hall plates and d is the distance
between the Hall plates. Thus the magnetic field can be expressed as:
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If a=0, the external field is completely rejected by the differential sensing system because the two Hall Plates
are equidistant to the external current conductor. The only source of error originates from the sensitivity
mismatch between the differential Hall Plates clusters. This error is expressed as the Common Mode Field
Sensitivity (cf. 2.3 Common-Mode Susceptibility)

The gradient is maximal at the Hall plates if the current conductor is placed parallel to the length of the
package (cf. Figure 1).

As D > 3 mm, we can simplify the equation above as follows:

Uair (d)
AB =22 (=
27 D2

The error in current is obtained by dividing the magnetic field by the field factor G expressed in T/A.

B Ui d I
Ierror_gradient = E = 2:[2 v (ﬁ) = CTcoeffﬁ

where CT,oeff = %‘:% =5,71.10"8 m? for SOIC16 package and 6.70.10~8 m? for SOIC8

package.

Current error induced by a conductor placed at D mm of the Hall plates
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Figure 3: Current error induced by a conductor plated at D mm of the Hall Plate in a SOIC8 package
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2.3. Common-Mode Susceptibility

Our differential measurement is based on two clusters of Hall Plates having the same sensitivity. By taking the
differential output of the clusters, we should fully remove the common mode.

In reality, we observe a small sensitivity mismatch between the two clusters that translates into a differential
output signal.

The susceptibility of the sensor to the common field is expressed through the Common Mode Field Sensitivity
(CMFS).

SOIC16 0.4 4

SOIC8 0.4 4

Hence the error due to the common-mode is expressed as:

Uair
2D’

Iorror cu = CMFS .B = B = CMFS. I

Common mode current error induced by a conductor placed at D mm of the Hall plates
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Figure 4: Common mode current error induced by a conductor placed at D mm of the Hall plates
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In the worst case the common mode error adds up to the gradient error, in the best case it compensates it.

This depends on the placement of the wire conductor and the way that the Hall Plates clusters are
mismatched.

2.4. Conclusion

Based on Figure 3 and Figure 4, at close distance, the dominant contributor to the error is due to the gradient.
At bigger distance, both errors are negligible.

3. Measurements
3.1. Setup
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Figure 5: Cross-Talk Measurement Setup

Cross-talk measurements were conducted by placing a current conducting wire as close as possible to a
MLX91220 sensor. The distance between the wire and the center of the IC is around 4.9 mm. No current is
flown through the IC.

The IC was programmed with the highest gain (120 mV/A).
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3.2. Results
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Figure 6: Error [A] induced by current conductor placed at 4.9 mm from the sensor central point. Worst case
scenario, when the Common-Mode error adds up to the gradient error
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Figure 7: Error [A] induced by current conductor placed at 4.9 mm from the sensor central point. Best case
scenario, when the Common-Mode error compensates the gradient error

3.3. Conclusion
For the sample used in this measurement, the error due to the common mode compensates the error due to

the gradient.
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Figure 6 and Figure 7 displays the effect of the Common-Mode induced error and the difference appears to
be limited. The measurements confirm that the current error induced by the gradient is dominant compared
to the error induced by the Common Mode.

4. Application examples

To estimate to which extent an external field will disturb the output signal, it is useful to compare it to the
current injected on the primary side of the current sensor IC.

With L., the current injected in the current sensor IC and I, the error generated by the external field
we can define the full-scale crosstalk error in % as follows:

Lypim — 1
Errorgs (%] = 100.(1—M>

Iprim

Lorror is proportional to the crosstalk current. It means that if I, = I¢r, the behavior of the error in function
of the distance D will be the same regardless I.r value. We considered here the worst case, where the
common-mode field error is added on top of the gradient error and the current conductor is parallel to the
package length (If a=90°).
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In this example, Dys5e, = 4 mm is the minimum distance between the current sensor IC’s center and the

external current conductor that provides a crosstalk effect of less than 0.5%. And having D = D 14, = 8.5 mm
provides a crosstalk effect of less than 0.1%.

Naturally if Iprim < Icr, Do sy @and Dy 1o, will be higher.
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As an example, the table below shows Dy 5o, and Dy 19, for Iyqm = 50 A.

Table 1: Full-scale error for Iy, = 50 A

SOIC-16

10 2.0 4.0 2.0 3.5
30 3.0 6.5 3.0 6.0
50 4.0 8.5 3.5 8.0
70 4.5 10.0 4.5 9.0
90 5 11.0 5.0 10.5
110 5.5 12.5 5.5 11.5
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5. 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
implementation. 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 warranty,
term, or condition of any kind, either implied or expressed, including but not limited to warranties of merchantability, satisfactory 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 foregoing, 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 placing
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, storage,
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 understood
as being confidential, the recipient of this document shall not communicate, nor disclose to any third party, any part of the document
without Melexis’ express written consent. The recipient shall take all necessary measures to apply and preserve the confidential 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
provisions.
The previous versions of this document are repealed.

Melexis © - No part of this document may be reproduced without the prior written consent of Melexis. (2020)

IATF 16949 and ISO 14001 Certified

For the latest version of this document or find your local contact, visit us at
www.melexis.com
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6. Revision history table

1.0 December 2020 Initial release

DOC. N2 390119122004, REV 1.0 Page 10 of 10



