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1. Scope

The MLX91220 (MLX91221) integrated circuit (IC) is an isolated Hall-effect current sensor that measures the
current flowing through the lead frame (primary current) of its SOIC package. Due to the Joule effect, this
current generates heat, leading to an increase of the temperature of the IC. This application provides
guidelines regarding the thermal management for MLX91220 and MLX91221 to ensure optimal performance
of the application.
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2. Power dissipation

Heat is mainly generated by 2 components: the silicon chip and the primary lead frame.

2.1. Package internal dissipation mechanisms

To understand how the heat is dissipated in MLX91220/1, it is necessary to investigate the internal thermal
resistances of the package, related to the main heat conduction paths. As shown in Figure 1, MLX91220/1 is
composed of:

= The primary lead frame, that is the metallic conductor in which the primary current is flowing

= The silicon chip, that is in the middle of the package, isolated and close to the primary lead frame

= The primary pins, connected to the primary lead frame

= The secondary pins, for the read-out of the sensor, connected to the silicon chip

= The plastic material of the package

Sensing IC .

AR
TR SRS

Signal pins .

Insulation barrier.

Primary current path .,

Figure 1: Composition of MLX91220/1

2.1.1. Dissipation from silicon chip

On a first order approximation, the dissipated power of the silicon chip is constant, and depends on the supply
voltage and current. Typical values are the following:

=  MLX91221: Vdd = 3.3V, Idd = 20mA. Dissipated power: 66mW
= MLX91220: Vdd =5V, Idd = 20mA. Dissipated power: 100mW
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These values introduce a constant junction temperature increase, independent from the primary current. Heat
is dissipated from the silicon chip to the external environment through the following paths, as shown in Figure
2:

=  Through primary pins

= Through secondary pins

= Through package top surface

= Through package bottom surface

Top Package flux Primary pins flux

Secondary pins flux
N\

N\

Figure 2: Dissipation paths for heat from silicon IC in SOIC16 package (for SOIC8 package, the same principle
is applied). Bottom package surface is hidden.

To be able to calculate the junction temperature of the sensor (temperature of the silicon IC), it is necessary
to evaluate the equivalent thermal resistance for each path and to know the environment temperature (the
temperature of the environment in which the sensor is used).

2.1.1.1. Thermal resistance evaluation

Thermal resistance is calculated by using a Finite Element (FE) model, previously validated with thermal

conduction measurements. Table 1 resumes the thermal resistances calculated with the FE model for the four
conduction paths shown in Figure 2 from silicon IC (R ;). Figure 3 shows the thermal resistances on a cross

section of the sensor.
- SOIC16 RthSi [K/W] | sOIC8 Rthst [K/W]

Primary pins 110.8 80.5
Secondary pins 39.6 23.7
Package top 28.6 37.2
Package bottom 32.9 59.9

Table 1: Values of thermal resistances for silicon IC heat dissipation.
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Ry, top surface

R, secondary pins

Ry, primary pins

Silicon IC

Ry, bottom surface

Figure 3: Thermal resistance for dissipation from silicon IC

2.1.2. Dissipation from primary lead frame

Primary current lyim, flowing inside the primary lead frame of the sensor, dissipates the power P following the
equation P = RelI;rim- The typical electrical resistance of the primary lead frame is R, = R, (1 + aAT),
where AT is the temperature difference with the reference temperature Ty = 0°C. a = 3.9 X 1073 is the
thermal coefficient of the primary lead frame material. R, is 0.99mQ for SOIC8 package and 0.81mQ for

SOIC16 package, at the reference temperature T, = 0°C.

Dissipated power increases with both the current and the primary lead frame temperature. To evaluate the
internal thermal resistances for primary lead frame dissipation, an approach similar to the one used for the
silicon IC can be used (see 2.1.1). In this case, we can consider the primary lead frame as uniformly heating,
and therefore the dissipation will be from it to the package boundaries. Therefore, the heat conduction paths
are from the primary lead frame to:

= The secondary pins

= The package top surface

= The bottom top surface

Table 2 resumes the values for thermal resistance for heat dissipation from the primary lead frame. Figure 4
shows the thermal resistances in this case, on a cross section of the sensor.

SOIC16 R;p, - SOIC8 Ryp,
[K/W] LA

Secondary pins 117.8 96.8
Package top 29.4 73.3
Package bottom 28.1 62.5

Table 2: Values of thermal resistances for primary current conduction heat dissipation.
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R, top surface

Rep primary pins Ry, secondary pins

R¢p bottom surface

Figure 4: Thermal resistance for dissipation from primary lead frame

2.1.3. Thermal resistance between silicon IC and primary lead frame

The isolation layer between the silicon IC and primary lead frame is introducing a thermal resistance that
would generate a temperature difference between the 2 components when heat is flowing through it. This
section presents a simple method to estimate this temperature difference. The first step is to calculate the
thermal resistance between the silicon IC and the primary lead frame by means of the FE model.

SOIC16 Ryng; ;1 SOIC8 Reng; ,p
[K/W] [K/W]

102.4 109.4

Table 3: Thermal resistance between primary lead frame and silicon IC.

Then, the heat flux from the primary lead frame to the silicon IC should be evaluated. To do this, it is possible
to compute with the FE the ratio of the heat flux from the primary lead frame to the silicon IC and the total
heat flux from the primary lead frame to the package top surface (see Figure 5). The heat flux will be then this
ratio times the heat flux from the package top surface, that can be calculated according to the dissipation
system used (for instance forced convection, or metallic thermal dissipators) and the thermal resistance
between the primary lead frame and the package top surface in Table 2.

Gtop qsi top

| Silicon IC

Heat flux through silicon IC g;
Heat flux through total package top surface ¢

Figure 5: Heat flux from the primary lead frame to silicon and package top surface.

SoIC16 -Ist solcg st

top dtop
0.27 0.67

Table 4: Ratio between heat flux through silicon IC and total heat flux through package top surface.

To estimate the temperature difference during operation, Equation 1 can finally be used.
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dsi
AT = Qtop X — X Rengi_ ;1 Equation 1
Qtop

2.2. External dissipation mechanism

In applications, the sensor is soldered on PCB boards. The main dissipation path for power generated by the
primary current and the silicon chip is the primary lead frame and pins, passing through the PCB current traces.
To analyze the dissipation due to the primary current, it is possible to make 2 assumptions:

= In absence of forced convection or dissipators, natural convection in air has a negligible contribution.

= |f cables connection with PCB are massive enough (i.e., their electrical resistance is negligible with
respect to the electrical resistance of PCB and sensor), one can assume that the connections on the
PCB are always at the environment temperature.

Based on these assumptions, one can calculate the junction temperature to be equal to the primary lead frame
temperature (no heat is flowing inside the sensor). A simple thermal model can be built, as in the schematic
in Figure 6).

Pey Ta Psr Ta
'(f)" Pp Ta

R Rin

<=

Ta

Renpeg Reng, Renp |_@’
( )’Ta (};S?.Ta Ta

Pe

=

Figure 6: Schematic for a simple thermal model of dissipation in MLX91220/1

In Figure 6, Reppop is the thermal resistance of PCB traces, Rth5] is the thermal resistance of soldering
junctions, Ry, , is the thermal resistance of package pins (can be approximated with 26 K/W for SOIC8 package
and 15.7 K/W for SOIC16 package), P;r is the power dissipated by the primary lead frame internal at the
package, Pp is the power dissipated by pins, Ps; is the power dissipated by the soldering junction, P, is the
power dissipated by the PCB traces, T, is the environment temperature.

This model has been validated through measurements, and found valid for PCBs similar to the one from the
DVK (Figure 7).
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Figure 7: PCBs from DVK of (a) SOIC8 and (b) SOIC16

3. Measurements

This section shows a typical measurement of the junction temperature of MLX91220/1, for both SOIC8 and
SOIC16 packages. Moreover, an analysis of the effect of current cables and thickness of PCB copper traces on
the junction temperature is performed.

3.1. Junction temperature versus primary current
3.1.1. Setup

Environment temperature control is achieved by means of a climatic chamber. Current is applied by using
cables with a diameter of 8mm. Measurements were performed on both SOIC16 and SOIC8 packages, on PCBs
with 30z copper traces.

3.1.2. Results

Figure 8 shows the measurement results for SOIC16 and SOIC8 packages of the junction temperature versus
current at different environment temperatures.
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Figure 8: Junction temperature measurements on (a) SOIC16 package and (b) SOIC8 package

From these measurements, it is possible to notice that, with the same primary current, SOIC8 reaches a higher
junction temperature of SOIC16 (due to higher electrical resistance and lower number of pins for heat
dissipation). Figure 9 shows the junction temperature versus time for 32A at 105C for both packages. This can
be fit according to the exponential fitting shown in Equation 2, where T; is the junction temperature at
equilibrium, T ._, is the initial junction temperature, AT; =T; — Tj—, t is the time and 7 is the the time
constant, equal to 49s for both SOIC16 and SOIC8 packages. The same time constant is explained by the fact
that the PCB has a thermal mass much larger than the sensors.
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Figure 9: Time measurements and fitting of (a) SOIC16 and (b) SOICS8, for 32A at 105°C

T; =Tji=0 + AT; (1 - e_g) Equation 2
This is valid for a sensor soldered on the PCB from DVK, as shown in Figure 7.
3.2. Effect of cables and PCB on junction temperature
Cables and PCB traces design have a large influence on the junction temperature. This can be explained by
looking at the schematic of Figure 6. Here, it is possible to observe that all the dissipation contributions are

related to components external to the package. Figure 10 shows the thermal image of SOIC16 package
soldered on 2 and 30z PCBs, and with 8mm and 1.5mm cables.
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(a) (b) (c)

By reducing the PCB traces thickness and the cables section, the junction temperature increases, due to an
increase of their thermal resistance, that reduces the dissipation through conduction. A smaller cables section
would have the same effect. Moreover, cables power dissipation becomes not negligible, therefore cables are
also heating up the sensor, and contribute to the temperature increase. In general, the effect of thinner cables
is the same as the effect of thinner or smaller copper traces.

3.3. Conclusions

Measurements show that the most important contribution to junction temperature are the primary current
connections:

Current cables

Current path on PCB

Soldering connections

Guidelines are listed in section 5.

Using the model validated with measurements (section 2.2), it is possible to extrapolate the maximum current
for each environment temperature (Figure 11). These results are obtained for DVK PCBs (Figure 7) with 3oz
copper thickness, with 8mm section cables connected to the current traces. The current capability is calculated
for 2 maximum junction temperatures: 150°C (the maximum temperature for datasheet performances) and
165°C (the maximum temperature to avoid permanent damage to the sensor).
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Figure 11: Current capability in function of environment temperature for 2 different maximum junction
temperatures for (a) SOIC16 package and (b) SOIC8 package.

5. Conclusions and desigh recommendations

From this guide, it is possible to conclude that the most important dissipation path for heat in MLX91220/1 is
the one passing through the primary pins, the PCB and the current cables or bus bars. The following
recommendations can be applied to different components of a current sensing design:

= PCB traces:

e PCB traces for primary current measurements should be similar to the ones used in the
development kit. A resistance smaller than 0.18mQ between the sensor primary pins and the
cables contact with PCB would ensure to have performances similar or better than what we
shown in this guide. The geometry of the PCB from DVK can be found at
www.melexis.com/DVK91220. The traces thickness is 105um, for 2 copper layers.

e Copper layers should be connected by means of filled vias, uniformly distributed. Tracks must
be aligned on top of each other.

e 35 um plating thickness are recommended.

= Soldering: It is important to have good thermal conduction between the package pins and the PCB

pads. Results shown in this guide are obtained by using standard SMD soldering process with an Sn
based solder paste.

= Cables: We performed our characterizations with 8mm diameter copper cables connected to PCBs.
Similar connections will allow a similar dissipation to what presented in this guide

= Convection: Forced convection would improve the heat dissipation from the package surfaces.
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Liquid cooling on PCB: Liquid cooling on PCB close to the sensors would improve the heat dissipation
through conduction.
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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
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. (2025)

IATF 16949 and ISO 14001 Certified

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

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