MLX90371EAC — Triaxis® Position Sensor

Datasheet

Features and Benefits

= Tria®)is® Hall Technology

= Dual die, PCB-less package

= On-Chip Signal Processing for Robust Absolute
Position Sensing

ASIL-B Safety Element out-of-Context

= Programmable Measurement Range

= Programmable Linear Transfer Characteristic
(Multi-points 4 or 8 points or Piece-Wise-
Linear 16 or 32 segments)

= Analog (Ratiometric) Output

= 12 bit Resolution - 10 bit Thermal Accuracy

= 48 bit ID Number option

SMP-4

Application Examples

= Absolute Rotary Position Sensor
= Absolute Linear Position Sensor
= Throttle Position Sensor

= Steering Wheel Position Sensor
= Valve Position Sensor

= Non-Contacting Potentiometer

Description

The MLX90371 is a monolithic sensor sensitive to
the three components of the flux density applied
to the IC (i.e. By, By and B;). This allows the
MLX90371, with the correct magnetic design, to
decode the absolute position of any magnet
moving in its vicinity (e.g. rotary position from 0
to 360 Degrees or linear displacement).

The MLX90371GVD-EAC outputs a programmable
ratiometric analog output signal. The analog
output is compatible with any resistive
potentiometer or programmable linear Hall sensor
and is configurable through multi-point calibration
to tune the output to the desired motion and
improve accuracy.

Unique to this variant, compared to the other
MLX90371 products, is the dual die configuration
in the Single Mold Package (SMP) for PCB-less
integration.  Configured  with  side-by-side
mounting of the dies, the Single Mold Package
provides independent outputs (1x per die) with
shared power and ground. The Single Mold
Package has been designed to provide improved
mounting and integration to a housing and
connector leadframe while reducing size
compared to previous PCB-less packages.
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Ordering Information

MLX90371 EAC-300 RE/RX  Standard / Legacy Mode

Table 1 — Ordering codes

Legend:
Temperature Code: G: from -40°C to 160°C
Package Code: “VD” for SMP-4 package (Single Mold, PCB-less) (see 17.1)
Option Code: EAC-xxx: Die Version
Xxx-123:
1: Application — Magnetic configuration
= 3:Standard / Legacy mode (legacy backwards comparable to previous
generation)
2: Not applicable for SMP-4 package variants
3: Not applicable for SMP-4 package variants
Packing Form: -RE: Tape & Reel, 2500 pcs/reel
-RX: Tape & Reel, similar to RE with parts face-down
Ordering Example: “MLX90371GVD-EAC-300-RE”
For a standard mode application in SMP-4 package, delivered in Reel.

Table 2 — Ordering information legend
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1. Functional Diagram

Melexis

INSPIRED ENGINEERING
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Figure 1 — MLX90371 Dual Die Block Diagram
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2. Glossary of Terms

Melexis

INSPIRED ENGINEERING

Gauss (G),
Tesla (T) I1mT=10G

Temperature Coefficient

Tc (in ppm/Deg.C.)
PWM Pulse Width Modulation

Duty Cycle of the output signal.
%be oo /T Tor)
ADC Analog-to-Digital Converter
DAC Digital-to-Analog Converter
LSB Least Significant Bit
MSB Most Significant Bit
DNL Differential Non-Linearity
INL Integral Non-Linearity
ASP Analog Signal Processing
DSP Digital Signal Processing
EMC Electro-Magnetic Compatibility
SMP Single Mold Package
DP Discontinuity Point
EolL End of Line

Units for the magnetic flux density:

SEooC

FIR

DCT

PWL

IWD
AWD
CPU
POR
SW
HW
ECC
ROM
RAM
NVRAM
AoU
IMC

Safety Element Out of Context

Finite Impulse Response
Diagnostic Cycle Time
Piece Wise Linear

Intelligent Watchdog
Absolute Watchdog
Central Processing Unit
Power On Reset
Software

Hardware
Error-Correcting Code
Read-only Memory
Random-access Memory
Non-volatile Random-access Memory
Assumptions of Use

Integrated Magnetic Concentrator

Table 3 — Glossary of Terms
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3. Pin Definitions

3.1. Pin Definition for SMP-4 package

R O

3
|

4

oL E
TesT1 INPUT TEesT2 4
) 3
1
V/ss VDD

Out1 Our2

Figure 2 — Pin definition for SMP-4 Package
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Y S N

Revision 002

1

2
3
4

Outl
Vss
VDD

OuT2

TEST1

INPUT

TEST2

Table 4 - SMP-4 Pin Definitions and Descriptions

Apr-21

Output
Ground
Supply
Output
Test
Test

Test
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4. Absolute Maximum Ratings

e

<48h

Supply Voltage 45 <1min

. -14 At Room Temperature; <1s

Reverse Voltage Protection VDDggy 7 \Y At Room Temperature; <48h

Positive Output Voltage Vourt 18 \Y <48h

Output Current lout -30 30 mA -1.5V< Vout <40V

Reverse Output Voltage VOUTgey -0.3 V <48h

Operating Temperature Tame 40 +160 °c Refer to the qualification
profile

Junction Temperature Tiunc +175 °C

Storage Temperature Tsr -55 +170 °C Refer to the qualification
profile

Magnetic Flux Density -1 1 T

Table 5 — Absolute Maximum Ratings

Exceeding the absolute maximum ratings may cause permanent damage. Exposure to absolute maximum-
rated conditions for extended periods may affect device reliability.

5. General Electrical Specifications

General electrical specifications are valid for temperature range: -40 - 160 DegC, supply voltage range: 4.5 -
5.5V unless otherwise noted.

Supply Voltage

Standard/Legacy mode, no
Supply Current IDD 12 18 20 mA resistive load at OuT PIN (OuT1
and OuT2) — Both dies on.

Start-up Level (rising) 3.95 4.1 4.25 Vv
Start-up Hysteresis 100 200 300 mV
PTC Entry Level (rising) 6.2 6.5 6.8 Vv

YiC to be programmed at room temperature

Revision 002 Apr-21 Page 8 of 40
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PTC Entry Level Hysteresis

L -25 -10 Vout=0V
Output Short Circuit Current lshort 10 75 mA VOUT =5V or 18 V
5 10 0 Analog mode
Output Load R 2 10 © ke Digital mode
- >
VsatA_lo 0.5 1 %VDD Pull-up load R, >210kQ to 5V
Ana|0g Saturation Output 35 5 PU“'Up |Oad R|_ >5 kQ to 18V
Level
. 96 97 Pull-down load R, > 5 kQ
VsatA_h %VDD
SIANT 975 o8 ° Pull-down load R, > 10 kQ
0.5 1 Pull-up load R, >10kQ to 5V
VsatD_lo 3.5 5 %VDD  Pull-up load R, >5 kQ to 18 V
2.5 4 Pull-up load R, > 2kQ to 5 V
Digital Output Level
85 90 Pull-down load R, > 2 kQ
VsatD_hi 96 97 %VDD  Pull-down load R, > 5 kQ
97.5 98 Pull-down load R, > 10 kQ
0.5 1 Pull-up load R, >10kQ to 5V
Diag_lo 3.5 5 %VDD  Pull-up load RL>5 kQ to 18 V
2.5 4 Pull-up load RL>2 kQto 5V
Active Diagnostic Output Level
85 90 Pull-down load R, > 2 kQ
Diag_hi 96 97 %VDD  Pull-down load R, > 5 kQ
97.5 98 Pull-down load R, > 10 kQ
Broken Vss &
Passive Diagnostic Output BVssPD 97.5 98 %VDD  Pull-down load R, > 10 kQ
L] 95 96 Pull-down load R, > 5 kQ
(Broken-Wire Detection) ?! Broken Vss &
BVssPU 99.5 100 %VDD
° Pull-up load R, > 5 kQ
Broken VDD &
Passive Diagnostic Output BVDDPD 0 0.5 %VDD Pull-down load R, > 5 kQ
Level
(Broken-Wire Detection) ? BVDDPU ) 9%VDD Broken VDD &
° Pull-up load R, > 5 kQ
Clamped Output Level © Clamp 0 100 %VDD Programmable

Table 6 — Electrical specifications

As an illustration of the previous table, the MLX90371 fits the typical classification of the output span
described on the Figure 3.

% For detailed information, see also section 13.1 Safety Mechanism
’ Clamping levels need to be considered vs. the saturation of the output stage (see Analog Saturation Output level)
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Figure 3 — Example of Output Span Classification for typical application.

6. Timing Specification

Timing conditions, including the variations of supply, temperature and aging, unless specified.

6.1. General Timing

T T T

Main Clock Frequency

Main Clock Frequency Thermal

Drift A'Ck 3

Refresh Rate TR

Latency Time T 440
968
1474

Step Response Time ¥ T - 2486
2486
5008

482
462

1127
1624
2617
2617
5099

% Ck

us

us

us

Table 7 — General Timing Specification

Incl. thermal drift and aging

Filter=0 (FIR1) ©
Filter=1 (FIR11)
Filter=2 (FIR1111)
HYST=1/2
HYST=1/4

* Also include the main clock variations. Typical: Output already reached 50% settling in a first step (482us earlier). Maximum:

Output already reached 90% settling in a first step (482us earlier)
® See section 12.4 for details concerning Filter parameter

Revision 002 Apr-21
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6.2. Latency Time Definition

The latency time is a suitable metric for the "delay" of the sensor in case of a slow ramp of the magnetic
change, for instance, when the magnet has an angular frequency of 10 radians per second, i.e., 360 Deg.
rotation within 100ms. A graphic illustration can be seen in Figure 4.

A

angle

theta_magnet(t)

- T [ time

6.3. Step Response Definition

The step response is a suitable metric for the "delay" of the sensor in case of an abrupt step in the magnetic
change, considering 100% settling time without any DSP filter. Full settling is typically achieved in just two
steps. The sensor is asynchronous with the magnetic step change: the 100% settling time will fall in a time
window; worst case is given in the Table 7.

Magnetic step

input change
(inp ge) Output refresh

100% of the target
Output response to 50% of the target .| """""""" A
the magnetic step } S 1
Internal : ' ' : ' : b :
rocessin I Step Response
p g i p p >
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6.4. Analog timing

T R

Start-up Time Analog mode
no load, valid for both rising
2 Vv, !
00 /ms and falling edge
6 capacitor load C, = 100 nF, valid
Analog OUT Slew-rate S 120 e for both rising and falling edge
35 V/ms capacitor load C_ = 330 nF, valid

for both rising and falling edge

Table 8 — Analog timing specification

7. Magnetic Field Requirements

This section describes the magnetic field requirements in order to meet the performance described in
section 8.1.

7.1. Standard/Legacy Mode

Y

End of shaft rotation or Linear

Number of magnetic poles Np -
movement

Magnetic Flux Density in

X or Y By, By’ 709 mT | /BZ+B?

Magnetic Flux Density in Z B, 100 mT
\BZ + BZ (X-Y mode)
2 1 2
Magnetic Flux Norm 109 mT Byx” + (m Bz) (X-Z mode)
2 1 2
JBY + (Gmc BZ) (Y-Z mode)

® The capacitors on the output are integrated in the SMP package, see Table 28

” The condition must be fulfilled for at least one field By or By

& Above 70 mT, the IMC® starts saturating yielding to an increase of the linearity error

? Below 10 mT the performances degrade due to a reduction of the signal-to-noise ratio, signal-to-offset ratio

Revision 002 Apr-21 Page 12 of 40
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IMC gain Gime 1.19 Seel®

Magnet Temperature ppm/

Coefficient Tem 2400 Deg.C

Field Too Low Threshold™ Bry_Low 3.4 5 6.6 mT Corresponding to TCm=0

Corresponding to TCm=0.

Due to the saturation effect of
Field Too High Threshold™ B HiGH 70 100 130 mT  the IMC, the FieldTooHigh

monitor detects only defects in

the sensors.

160
o Performance Performance
o Zone 1 Zone 2
e
et
35
©
(]
Q
£
(O]
|_
-40 >
10 15 20 Norm (mT)

8.1. Magnetic Specification

8.1.1. Definition

This chapter defines several parameters, which will be used for the magnetic specification.
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8.1.1.1. Intrinsic Linearity Error

A

Noise (pk-pk)

Intrinsic Error +30
(Le)

Input (Deg.)

Output (V)

Figure 7 — Analog sensor accuracy definition

Figure 7 depicts the intrinsic linearity error in parts after Melexis factory calibration. The Intrinsic Linearity
Error refers to the IC itself (offset, sensitivity mismatch, orthogonality) taking into account an ideal rotating
field for BX and BY. Once associated to a practical magnetic construction and the associated mechanical and
magnetic tolerances, the output linearity error increases. However, it can be improved with the multi-point
end-user calibration.

This error is typically not critical in application because it is calibrated away.

8.1.1.2. Total Drift

After calibration, the output angle of the sensor might still change due to temperature change, aging, etc..
This is defined as the total drift 61 pgier:

GT_DRIFT: 6(G|N, T, t) - e(elN; Trr, to)

where 8,y is the input angle, T is the temperature, Tgr is the room temperature, t is the elapsed lifetime after
calibration, to is the start of the operating life (right after calibration). Note the total drift 81 prieris always
defined with respect to angle at room temperature Tgr during calibration. In this datasheet, Ty is typically
defined at 30 Deg.C, unless stated otherwise. The total drift is valid for all angles along the full mechanical
stroke.

8.1.2. Standard/Legacy Mode

Before Eol calibration. General performances are valid for temperature range: -40 - 160 Deg.C, supply
voltage range: 4.5 - 5.5V unless otherwise noted.



MLX90371 - Triaxis® Position Sensor
Datasheet MeIeX|S

INSPIRED ENGINEERING

T Y N Y ) N,
- Intrinsic Linearity Error Le xy
XZ - Intrinsic Linearity Error Le xz -2.5 +1.25 2.5 Deg.
YZ - Intrinsic Linearity Error Le y; -2.5 +1.25 2.5 Deg.
0.1 0.2 Deg. Filter=0, in performance zone 2**
0.2 0.4 Deg. Filter=0, in performance zone 1113
Noise
0.14 0.28 Deg. Filter=1, in performance zone 1'**
0.1 0.2 Deg. Filter=2, in performance zone 1**
0.45 Deg. in performance zone 21
XY - Total Drift O oriFT xv
0.6 Deg. in performance zone 1113
0.6 Deg. in performance zone 21
XZ - Total Drift O1 pRIFT Xz
0.8 Deg. in performance zone 1113
0.6 Deg. in performance zone 21
YZ - Total Drift O1 pRIFT vz
0.8 Deg. in performance zone 14
0.1 0.2 Deg. in performance zone 13
Hysteresis
0.05 0.1 Deg. in performance zone 28)

Table 10 — Magnetic performances in Standard/Legacy Mode

8.2. Analog Output Accuracy

T T

Thermal analog output Drift * %VDD
12 bit 12bit DAC (Theoretical)
. INL (before EoL
Analog Output Resolution Roac -2 +2 LSB1, B
0.05 1 3 LSB,, DNL
Ratiometric Error -0.1 0.1 %VDD

Table 11 — Analog output accuracy

+30

2 Referred to section 7.1 and Figure 6
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9. Memory Specification
N T T T T
ROM 32 KB

RAM 1024 B
NVRAM 256 B

Table 12 — Memory specification

10. End-User Programmable Items

Default
Parameter Description

PWM period defined as (PWMT / 1.5)

PWMT G (14) 1000

PWM DC_FAULT 2 PWM Duty Cycle if Fault ¥ 1 8
PWM DC_FIELDTOOLOW 3 (F;\ll)VM Duty Cycle if Field Strength Too Low 1 3
PWM DC_WEAKMAG 4 PWM Duty Cycle if Weak Magnet ¥ 1 8
PWM WEAKMAGTHRESH 5 Weak Magnet threshold Byte ** 0 8
DIAG_FIELDTOOLOWTHRES™ 6 Field limit under which a fault is reported 0 8
DIAG_FIELDTOOHIGHTHRES™! 7 Field limit over which a fault is reported 255 8
GAINMIN 15 Low threshold for virtual gain 1 8
GAINMAX 16 High threshold for virtual gain 63 8
HYST 17 Hysteresis threshold filter 0 8
SENSING_ MODE 19 Mapping fields for output angle 1 5

Order code 3xx

cw 20 Enables clockwise rotation direction 0 1
FILTER 21 FIR Filter mode selection 0 2

 MLX90371EAC can also provide a digital PWM output signal through programming, which can be exploited but is not the main
output protocol of the device; therefore it is not specified in detail in this datasheet.

® To be adapted to the application to enable diagnostic “Lost magnet” by comparison with the Field Too Low/High Threshold
defined in section 7.

Revision 002 Apr-21 Page 16 of 40
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4POINTS Select LNR method 4 / 8 pts

CARETUGEN 5 tend of dignostc throsnatde, 0 !
DP 26 Discontinuity point, O degree position 0 16
LNRSO 28 4pts — Initial Slope 0 %/Deg. 16
LNRAX 30 4pts — AX Coordinate 0 Deg. 16
LNRAY 32 4pts — AY Coordinate 10 % 16
LNRAS 34 4pts — AS Coordinate 0.22%/Deg. 16
LNRBX 36 4pts — BX Coordinate 360 Deg. 16
LNRBY 38 4pts — BY Coordinate 100% 16
LNRBS 40 4pts — BS Coordinate 0 %/Deg. 16
LNRCX 42 4pts — CX Coordinate 360 Deg. 16
LNRCY 44 4pts — CY Coordinate 100% 16
LNRCS 46 4pts — CS Coordinate 0 %/Deg. 16
LNRDX 48 4pts — DX Coordinate 360 Deg. 16
LNRDY 50 4pts — DY Coordinate 100% 16
LNRDS 52 4pts — DS Coordinate 0 %/Deg. 16
LNR_YO 27 17 pts - Y coordinate point 0 N/A 16
LNR_Y1 29 17 pts - Y coordinate point 1 N/A 16
LNR_Y2 31 17 pts - Y coordinate point 2 N/A 16
LNR_Y3 33 17 pts - Y coordinate point 3 N/A 16
LNR_Y4 35 17 pts - Y coordinate point 4 N/A 16
LNR_Y5 37 17 pts - Y coordinate point 5 N/A 16
LNR_Y6 39 17 pts - Y coordinate point 6 N/A 16
LNR_Y7 41 17 pts - Y coordinate point 7 N/A 16
LNR_Y8 43 17 pts - Y coordinate point 8 N/A 16
LNR_Y9 45 17 pts - Y coordinate point 9 N/A 16
LNR_Y10 47 17 pts - Y coordinate point 10 N/A 16
LNR_Y11 49 17 pts - Y coordinate point 11 N/A 16
LNR_Y12 51 17 pts - Y coordinate point 12 N/A 16
LNR_Y13 53 17 pts - Y coordinate point 13 N/A 16

Revision 002 Apr-21 Page 17 of 40
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Default
mm
LNR_Y14 17 pts - Y coordinate point 14
LNR_Y15 57 17 pts - Y coordinate point 15 N/A 16
LNR_Y16 60 17 pts - Y coordinate point 16 N/A 16
CLAMPLOW 61 Clamping Low 50 % 16
CLAMPHIGH 62 Clamping High 50 % 16
Enables the output scaling
E L 1
USEROPTION_SCALING 64 [-50..150%] vs [0..100%] 0
MEMLOCK 67 Enable CUST NVRAM write LOCK 0 2
DIAG_EN 68 Diagnostics enabling 1 1
DIAGDEBOUNCE_STEPDOWN 70 Diagnostic debouncing stepdown time 1 4
DIAGDEBOUNCE_STEPUP 71 Diagnostic debouncing stepup time 5 4
DIAGDEBOUNCE_THRESH 72 Diagnostic debouncing threshold 15 6
DIAGSAFE START 73 _Force a complete diagnostic after an 1 1
- internal reset
DIAG_LOCK_FAIL 74 Diagnostic Latch Option after a fault 0 1
USER 1DO 75 User Id.'l'%eference. Reserved for customer see section 11 3
- traceability
USER ID1 76 User Id.‘Beference. Reserved for customer see section 11 3
- traceability
USER ID2 77 User Id.'l'%eference. Reserved for customer see section 11 3
- traceability
USER ID3 78 User Id.‘Beference. Reserved for customer see section 11 3
- traceability
USER D4 79 User Id..I.Reference. Reserved for customer see section 11 3
- traceability
USER ID5 80 User Id.‘Beference. Reserved for customer  see section 11 8
- traceability
PWM_POL 83 Define the output stage mode * 0 1
AOUT_STATE_DIAG *© 84 Define digital level in diagnostic 0 1
AOUT_MODE_DIAG 85 Define the diagnostic output stage mode 3 2

* The defined digital level in diagnostic should correspond to the passive diagnostic level, see parameters “BVSSPD”, “BVSSPU”,
“BVDDPD” and “BVDDSPU” in section 5 Table 6, i.e., “AOUT_STATE_DIAG” should be set to “0” when using pull-down resistor while
“1” when using pull-up resistor
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AN
Standard
AOUT_MODE_NORMAL Define the normal output stage mode

SEL_PWM 88 Enable PWM output ** 0 1
WORK_RANGE 90 Angle range selection for 16/32 segments 0 4
DENOISING_FILTER_FAST 92 25‘;1‘;23:2? ST 0 1
LNR_X00...X07 93...99 8 pts - X coordinate point 0..7 N/A 16
LNR_DELTA_YO01...Y32 103..134 32 pts - AY coordinate point 1..32 N/A 16

Enable a doubled LNR method
DSP_LNR_RESX2 135 0: 4-points or 16-segments 0 1
1: 8-points or 32-segments

Table 13 — End-user Programmable Items

11. End-User Identification Items

Parameter Description LI
- Standard

Melexis identification reference: X- position code within

LX_ID1 -

MLX_| >83-584 wafer (8-bit) + Y-position code within wafer (8-bit)

MLX 1D2 585-586 !VIeIems |dent‘|f|cat|on reference: Wafer Id code (5 bit) + Lot 16

- id code (11-bit)
Melexis identification reference: Lot id code (6 bit) + Fab id
HlEE >87-588 code (4-bit) + CorDat Id code (6-bit) 16
CHIP_VERSION 609 IMC shape version identifier: Order code 300 1 7
USER_IDO 75 Bin 1 1 8
USER_ID1 76 Identifier for full mask set version: MLX90371Exx 2 8
USER_ID2 77 Identifier for magnetic mode: Standard / Legacy mode 2 8
USER ID3 78 Identifier fqr the default factory setting revision for the 1 8
- corresponding full mask set

USER_ID4 79 Identifier for embedded software revision: C 3 8
USER_ID5 80 reserved 0 8

Table 14 — End-user identification items

Identification number: 48 bits (3 words) freely useable by User for traceability purpose.
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12. Description of End-User Programmable Items

12.1. Output modes

12.1.1. OUT modes

Output Stage mode (analog, digital) defined in application through parameter AOUT_MODE_DIAG and
AOUT_MODE_NORMAL.

Analog Analog Rail-to-Rail Analog Only
1 Digital open drain NMOS/low side
2 Digital open drain PMOS/high side
3 Digital Push-Pull

Table 15 — Programmable items: Output modes

12.2. Output transfer characteristic

There are 4 different possibilities to define the transfer function (LNR):

With 4 arbitrary points (defined on X and Y coordinates) and 5 slopes

With 8 arbitrary points (defined on X and Y coordinates)

With 17 equidistant points for which only the Y coordinates are defined

With 32 equidistant points for which only the Y coordinates are defined

0> CCW
correspond to all 4 LNR types 1 cw LSB

DP correspond to all 4 LNR types 0...359.9999 Deg.
LNRAX
LNRBX
LNRCX Only 4 pts 0...359.9999 Deg.
LNRDX
LNRAY
LNRBY 0...100 .
LNRCY Only 4 pts 50 ... + 150 VDD
LNRDY
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LNRSO
LNRAS
LNRBS Only 4 pts -17..0..17 %\VDD/Deg.
LNRCS
LNRDS
LNRYO 8 17 pts
0..100 .
LNRY7 50 _ +150 %\VDD
LNRY16 17 pts
LNR_XO 0..100
8 pts 50 .. +150 %VDD
LNR_X7 -
. 0,
LNR_DELTAYO1 +/-3.125%
_ +/-6.25%
32 pts +/-12.5% %VDD
- . 0
LNR_DELTAY32 +/-25%
WORK_RANGE 17,32 pts 65.5 ... 360 Deg.
CLAMPLOW correspond to all 4 LNR types 0...100 %VDD
CLAMPHIGH correspond to all 4 LNR types 0...100 %VDD

Table 16 — Programmable items: Output transfer characteristic

12.2.1. Enable scaling Parameter (USEROPTION_SCALING)

This parameter enables to scale LNR_X_Y from -50% - 150% according to the following formula

(Scaled Out)%VDD = 2 x Out%VDD — 50%

12.2.2. CLOCKWISE Parameter (CW)

The CLOCKWISE parameter defines the magnet rotation direction.

Refer to the drawing in the sensitive spot positioning sections (Section 17).
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12.2.3. Discontinuity Point or Zero Degree Point (DP)

The Discontinuity Point defines the 0 Deg. point on the circle. The discontinuity point places the origin at any
location of the trigonometric circle. The DP is used as reference for all the angular measurements.

A
360 Deg,
0 Deg.

\

’
N

12.2.4. 4-Pts LNR Parameters

The LNR parameters, together with the clamping values, fully define the relation (the transfer function)
between the digital angle and the output signal.

The shape of the MLX90371 transfer function from the digital angle value to the output voltage is described
by the drawing below. Seven segments can be programmed but the clamping levels are necessarily flat.

Two, three, or even six arbitrary calibration points are then available, reducing the overall non-linearity of
the IC by almost an order of magnitude each time. Three or six calibration point will be preferred by
customers looking for excellent non-linearity figures. Two-point calibration will be preferred for a cheaper
calibration set-up and shorter calibration time.

100% . .
Clamping High
CLAMPHIGH [======mmmmm oo s oo oo o oo o oo o o e

LNR_D_Y fmmmmm oo oo oo

LNR_C_Y fmmmmmmmmmmmmm e m oo o e oo D

i
B % Slope LNR B S ! i
LNR_B_Y f--=======mmmmmmmmmoooooooooos X -------------------- : i
A ‘ | ’
Slope i : i
' LNR_A_S! i |
LNR_A_Y fmmmmmmmmmmmmmmeee M-8 : : :
V\: Slope ! i !
' ' i ! Clamping Low
CLAMPLOW | e e oo - L — S R
0% | ? l ! i >
LNR_A_X LNR_B_X LNR_C_X LNR_D_X

0 (Deg.) 360 (Deg.)
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12.2.5. 8-Pts LNR Parameters

The 8-Pts LNR parameters, together with the clamping values, fully define the relation (the transfer function)
between the digital angle and the output signal.

The shape of the MLX90371 transfer function from the digital angle value to the output voltage is described
by the drawing below. Eight calibration points [LNRXO...7, LNRYO...7] together with 2 fix points [0 Deg., 0%]
& [360 Deg., 100%], divides the transfer curve into 9 segments. Each segment is defined by 2 points and the
output is calculated by linear interpolation.

L e @
CLAMPHIGH F==m === 2= 2 o e o e oo

LNR_Y7

g g

X

A e

LNR_YL f--mmmemmmme- 37

]
. !
i i
LNR_YO {------ >.< o | i
CLAMPLOW i i i Clamping Low
ST N -: ________ T ___________________ : ——————————————————————————————
0% & ! ! - ! .l

LNR_XO LNR_X1 LNR_X7
0 (Deg.) 360 (Deg.)
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12.2.6. 17-Pts LNR Parameters

The LNR parameters, together with the clamping values, fully define the relation (the transfer function)
between the digital angle and the output signal.

The shape of the MLX90371 transfer function from the digital angle value to the output voltage is described
by the drawing below. In the 17-Pts mode, the output transfer characteristic is Piece-Wise-Linear (PWL).

R L ®

100% —f—--=--==========m==mmmmmmmmm oo
CLAMPHIGH === mmm e m oo

LNR_YL5 |-=mmmmmmmmmmm oo oo

LNR_Y14

i
LNR_Y2 ; i
LNR_Y1 i i
i i Clamping Low
CLAMPLOW | : ! Lo bmmmom - e !

o | ——— — | -
0(Deg) i/ i ; i i i | 360 (Deg.)
LN R_YOI‘ Ax 1 Ax I l Ax : Ax E (360-W)/2 1 (360-W)/2 i
-t > >

W = range from 65.5 Deg. up to 360 Deg. 360 -W

Figure 11 — 17-Points calibration transfer function

All the Y-coordinates can be programmed from -50% up to +150% to allow clamping in the middle of one
segment (like on the figure), but the output value is limited to CLAMPLOW and CLAMPHIGH values. Between
two consecutive points, the output characteristic is interpolated. The parameter W (WORKING RANGE)
determines the input range on which the 17 points (16 segments) are uniformly spread:

ECEETEECE BT

0 (0000b) 360.0Deg. 22.5Deg. 180.0Deg. 11.3Deg.
1 320.0Deg. 20.0Deg. 9 144.0Deg. 9.0Deg.
2 288.0Deg. 18.0Deg. 10 120.0Deg. 7.5Deg.

261.8Deg. 16.4Deg. 11 102.9Deg. 6.4Deg.
4 240.0Deg. 15.0Deg. 12 90.0Deg. 5.6Deg.
5 221.5Deg. 13.8Deg. 13 80.0Deg. 5.0Deg.
6 205.7Deg. 12.9Deg. 14 72.0Deg. 4.5Deg.
7 192.0Deg. 12.0Deg. 15 (1111b) 65.5Deg. 4.1Deg.

Table 17 — Programmable items: 17 points calibration

Outside of the selected range, the output will remain in clamping levels.
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12.2.7. 32-Pts LNR Parameters

The LNR parameters, together with the clamping values, fully define the relation (the transfer function)
between the digital angle and the output signal.

The shape of the MLX90371 transfer function from the digital angle value to the output voltage is described
by the drawing below. In the 32-Pts mode, the output transfer characteristic is Piece-Wise-Linear (PWL).

Adjustable
100% —f—======== === e e e e e e
Y Clamping High range
CLAMPHIGH |f-=====mmmmmmmmmm oo o oo o oo T
DSP_LNR_Y programmable delta correction vs. i
Programmed slope (%) '
The delta correction range can be selected from Prog. Slope |
[+/-3.125%, +/-6.25%, +/-12.5%, +/-25%] (max 100%/ |
360deg) i
1
i
1
- 1
> 1
S — 1
3 5 |
« 9 < Ax fixed delta angle (W /32) |
5 2 |
= Clamping Low |
CLAMPLOW e it -----

0% v T T T T T T T T T T T T
<O
(] (Deg.)/ Ax 360 (Deg.)

Figure 12 — 32-Points calibration transfer function

All the Y-coordinates can be programmed as a delta correction by adding an offset () to the programmed
slope. The delta correction range can be selected from [+3.125%, +6.25%, +12.5%, +25%] through the
parameter LNR_DELTA_Y_EXPAND_LOG2

Between two consecutive points, the output characteristic is interpolated. The parameter W
(WORKING_RANGE) determines the input range on which the 32 points are uniformly spread:

e R

0 (0000b) 360.0Deg. 11.2Deg. 180.0Deg. 5.6Deg.
1 320.0Deg. 10.0Deg. 9 144.0Deg. 4.5Deg.
2 288.0Deg. 9.0Deg. 10 120.0Deg. 3.75Deg.
3 261.8Deg. 8.2Deg. 11 102.9Deg. 3.2Deg.
4 240.0Deg. 7.5Deg. 12 90.0Deg. 2.81Deg.
5 221.5Deg. 6.9Deg. 13 80.0Deg. 2.50Deg.
6 205.7Deg. 7.5Deg. 14 72.0Deg. 2.25Deg.
7 192.0Deg. 6.0Deg. 15 (1111b) 65.5Deg. 2Deg.

Table 18 — Programmable items: 32 points calibration

Outside of the selected range, the output will remain in clamping levels.
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12.2.8. CLAMPING Parameters

The clamping levels are two independent values to limit the output voltage range. The CLAMPLOW
parameter adjusts the minimum output voltage level. The CLAMPHIGH parameter sets the maximum output
voltage level. Both parameters have 16 bits of adjustment and are available for both LNR modes. In analog
mode, the resolution will be limited by the D/A converter (12 bits) to 0.024%VDD. In PWM mode, the
resolution will be 0.024%DC.

12.3. Sensor Front-End

Parameter Value

SENSING MODE 0 o0 B
GAINMIN 0...63
GAINMAX 0...63
GAINSATURATION 0..1

Table 19 — Programmable items: sensor front-end

12.3.1. SENSING MODE

The SENSING MODE parameter defines which sensing mode and fields are used to calculate the angle. The
different possibilities are described in the tables below.

This 2 bits value selects the first (B1) and second (B2) field components according the table below.

Rotary Stray-Field Immune

1 X Y XY Angular Position

2 Y z YZ Angular Position

3 X z XZ Angular Position

4 AX AZ Linear Stray-Field Immune

5 2X 37 Extended Linear Position Stray-Field Immune

Table 20 — Programmable items: sensing modes

12.3.2. GAINMIN and GAINMAX Parameters

GAINMIN and GAINMAX define the thresholds on the gain code outside which the fault “GAIN out of Spec.”
is set.

If GAINSATURATION is set, then the virtual gain code is saturated at GAINMIN and GAINMAX.
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Parameter Value

FIR 0...2
HYST 0...255

The MLX90371 includes 2 types of filters:

= Exponential moving average Filter: programmable by the HYST parameter

= Low Pass FIR Filters controlled with the FILTER parameter

FIR1 / no filter 1 1
FIR11 2 J2
FIR1111 4 2
HYST = % 4 J3
HYST = % 9 J7

Table 21 — Filter improvement factor

12.4.1. FIR Filters

The MLX90371 features 2 FIR filter modes controlled with Filter = 1...2. Filter = 0 corresponds to no filtering.
The transfer function is described below:

1
Yo = j_zai Xo-i

For information, the filters characteristic is given in the following table:

mewm e e e

Type Disable Finite Impulse Response
Coefficients a; 1 11 1111
Description No filter ExtraLight Light
DSP_cycle 1 2 4
Efficiency RMS (dB) 0 3.0 6.0

Table 22 — Programmable items: Step and impulse response of the different FIR filters
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12.4.2. Exponential Moving Average Filter

The HYST parameter is a threshold to activate/de-activate the exponential moving average filter. The output
value of the IC is updated with the applied filter when the digital step is smaller than the programmed HYST
parameter value. The output value is updated without applying the filter when the increment is bigger than
the threshold. This filter reduces therefore the noise but still allows a fast step response for bigger
angle/position changes. The threshold must be programmed to a value close to the internal magnetic angle
noise level. (1 LSB = 8 * 360 / 2).

DENOISING_FILTER_FAST 0 (HYST=1/2) 1 (HYST=1/4)

X, = Angle X Y. X 3y y
y, = Output yn:_n+ - yn:_n+ -~
Type " 2 2 4 4

Table 23 — Programmable items: denoising filter
12.5. Programmable Diagnostic Settings

12.5.1. DIAG mode

Parameter “AOUT_MODE_DIAG” defines the Output Stage mode (analog, digital) during startup and in case
of diagnostic.

Disable analog mode Not recommended
1 Digital digital push mode
2 Digital digital pull mode
3 Digital digital push-pull mode

Table 24 — Programmable items - diagnostic settings

12.5.2. DIAG Level

Parameter “AOUT_STATE_DIAG” determines the reporting level (diagnostic low, diagnostic high) during
start-up (both analog and PWM mode), or during a fault reporting.
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12.5.3. DIAG Debouncing

A parametric debouncing algorithm insures that in case of reporting mode ANA (See section 13.1 Safety
Mechanism)

1. The error is reported only if it is active for some user-defined amount of time.
2. The error reporting stays enabled on error recovery for some user-defined amount of time.

The error is reported on the output, using predefined reporting level, reporting time and debouncing time.
The debouncing algorithm is parameterized by the following NVRAM parameters:

DIAGDEBOUNCE_STEPDOWN Decrement values for debouncer counter 1
DIAGDEBOUNCE_STEPUP Increment value for debouncer counter 5
DIAG_DEBOUNCE_THRESH Threshold for debouncer counter to enter diagnostic mode 15

Table 25 — Programmable diagnostic - DIAG debouncing

The debouncing algorithm will increment the debouncing counter w/ the STEPUP value in case of an
diagnostic error, and decrement w/ STEPDOWN in case of no analog diagnostic error. If the debouncing
counter is higher than the DEBOUNCE THRESHOLD, then an error is reported and the debouncing counter is
clamped to the DEBOUNCE THRESHOLD value.

The debouncing algorithm uses a Diagnostic Cycle Time (DCT) of typ 9.4 msec, so the debouncing time and
recovery time are defined as:

Debounce Time DCT * CEILING ( Threshold / UP -1) DCT * CEILING ( Threshold / UP))
Reporting time DCT * CEILING ( Threshold / DOWN ) DCT * CEILING ( Threshold / DOWN + 1)

Table 26 — Programmable diagnostic - debouncing & reporting time
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13. Functional Safety

13.1. Safety Mechanism

The MLX90371 provides numerous self-diagnostic features (safety mechanisms). Those features increase the
robustness of the IC functionality as it will prevent the IC to provide erroneous output signal in case of
internal or external failure modes (“fail-safe”).

Internal Safety Mechanisms

Category and safety mechanism name

Supporting
functions
Reporting
mode

©
C
¢
+—
<=
o
fusy
L

Back-end

Front-end hardware faults detection

Magnetic Signal Conditioning Rough Offset Clipping check ° o) 9.4 ms ANA
Magnetic Signal Conditioning Gain monitor ° o) 9.4 ms ANA
A/D Converter Test Pattern ° 9.4 ms ANA
ADC Conversion errors & Overflow Errors ° 9.4 ms ANA
Rotary mode: Flux Monitor ° o) 9.4 ms ANA
Weak magnet diagnostic ° o) 9.4 ms ANA

DSP hardware faults detection

RAM Test (run-time) ISO D.2.5.1 ° 25.7ms DIG
ROM 24 bits signature (run-time) ISO D.2.4.3 ° 25.7ms DIG
NVRAM 16 bits signature (run-time) ISO D.2.4.3 ° 25.7 ms DIG
NVRAM Single Error Correction ° n/a n/a
NVRAM Double Error Detection ° 25.7ms DIG
P B : s o1
Watchdog "AWD" (separate clock) ISO D2.9.1 ° 40 ms DIG
CPU Errors "Invalid Address","Wrong opcode" ° <10 s DIG

Supporting functions: hardware faults detection

Supply Voltage Monitors

(all supply domains) except VS_OV & POR ¢ 9.4 ms ANA

External Supply Overvoltage Monitor VS_OV ° 2.1ms Hiz
Digital Supply undervoltage monitor (Power-on reset) ° <1 us Hiz
Bias Currents Monitors ° 9.4 ms ANA
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Internal Safety Mechanisms Coverage

2 5 |£ o 20
: ] c |E S £
Category and safety mechanism name W v |c 2 £ o
5 LD) o 3 | & 2 2 =
Ll | 8] &332 & €
Overheating monitor o) o) o) o o 9.4 ms ANA
Package/pin failures detection
Broken-Wire Detection o <10 us BRO
Failure Reporting Mechanisms
SW Safe Start-up mode + SW Fail-safe mode n/a n/a DIG
Analog-type Error management (includes debouncing) n/a n/a ANA
Executed at power-on only
RAM March Test (not transparent) ° n/a DIG
NVRAM Configuration data integrity Check at power-on ° n/a DIG
NVRAM ECC at start-up ° n/a DIG
Self-test watchdog IWD ° n/a DIG

Table 27 — Safety mechanisms

Legend:

° : High failure detection coverage

o : Medium failure detection coverage

ANA  :Programmable reporting level + IC operates as normal

DIG : Reporting of digital HW faults: Output in high-impedance + SW Fail-safe Mode Or SW Safe Start-up mode
BRO : Low-impedance output, see datasheet parameters BVddPU, BVddPD, BVssPU, BVssPD
DCT  : Diagnostic Cycle Time
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13.2. Safety Manual

The safety manual, available upon request, contains the necessary information to integrate the MLX90371
component in a safety related item, as Safety Element Out-of-Context (SEooC).

In particular it includes:

= The description of the Product Development lifecycle tailored for the Safety Element.
= An extract of the Technical Safety concept.

= The description of Assumptions-of-Use (AoU) of the element with respect to its intended use,
including:

= assumption on the device safe state;
= assumptions on fault tolerant time interval and multiple-point faults detection interval;
= assumptions on the context, including its external interfaces;

= The description of safety analysis results at the device level useful for the system integrator; HW
architectural metrics and description of dependent failures initiators.

= The description and the result of the functional safety assessment process; list of confirmation
measures and description of the independency level.
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14. Recommended Application Diagrams

14.1. Wiring with the MLX90371 in SMP-4 Package (built-in capacitors)

1 ¥ 1L 1 7

ouT1 VSS VDD ouT2

1

Figure 13 — Capacitor configurations in SMP-4 package

m

C1 220 nF
C2 220 nF
C3 100 nF CL
C4 100 nF CL
C5 100 nF
Cé 100 nF

Table 28 — SMP-4 capacitors configuration
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15. Standard Information Regarding Manufacturability
of Melexis Products with Different Soldering Processes

Our products are classified and qualified regarding soldering technology, solderability and moisture
sensitivity level according to standards in place in Semiconductor industry.

For further details about test method references and for compliance verification of selected soldering
method for product integration, Melexis recommends reviewing on our web site the General Guidelines
soldering recommendation (http://www.melexis.com/en/quality-environment/soldering)

For all soldering technologies deviating from the one mentioned in above document (regarding peak
temperature, temperature gradient, temperature profile etc), additional classification and qualification tests
have to be agreed upon with Melexis.

For package technology embedding trim and form post-delivery capability, Melexis recommends consulting
the dedicated trim&forming recommendation application note: lead trimming and forming
recommendations (http://www.melexis.com/en/documents/documentation/application-notes/lead-
trimming-and-forming-recommendations).

Melexis is contributing to global environmental conservation by promoting lead free solutions. For more
information on qualifications of RoHS compliant products (RoHS = European directive on the Restriction Of
the use of certain Hazardous Substances) please visit the quality page on our website:
http://www.melexis.com/en/quality-environment.

16. ESD Precautions

Electronic semiconductor products are sensitive to Electro Static Discharge (ESD).
Always observe Electro Static Discharge control procedures whenever handling semiconductor products.
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17.1. SMP-4 Package

17.1.1. SMP-4 - Package Outline Dimensions (POD)

L 7\ 7775/ ]
Dimension| MIN. NOM. | MAX. ||Dimension| MIN. NOM. | MAX.
o1(4%) o2(3%) A [ 1550 [ 1600 [ 1.650 L [ 13800 [ 14.000 | 14200
) . A1 [ 0235 [ 0300 [ 0365 L1 | 7870 | 8000 | 8130
ejector pin mark
6Z: diameter (z:Depth) B1 | 0235 | 0.300 | 0.365 12 | -0325 [ 0.000 | 0325
10 B2 0.33 REF i 0525 | 0600 | 0675
o(4x) 01(3%) ooy ¢ | 0179 | 0254 | 0329 b | 0725 | 0800 | 0875
y ¢ o - @9 D 8.920 | 9.000 | 9.080 el | 2400 | 2500 | 2.600
7 f D1 0.450 REF e 2.400 | 2,500 | 2.600
J PHz(sx) E [ 5920 | 6.000 [ 6.080 ° g | 100 [ 120
Ho i 7 'rl e f 0.000 [ --- [ 0152 o1 8 10 12°
i [ s H [ 10250 | 10.400 [ 10550 |[ o2 1 | 200 | 220
[ E T H1_ [ oss0 [ 1050 | 1250 oz | 0900 [ 1000 | 1100
o A l H2 | 0925 | 1.000 [ 1.075 z 0000 | --- [ 0452
H3(2) H3_ | 2405 | 2500 | 2595 11 | 0870 [ 1000 | 1130
= ] Ha | 0635 | 0730 | 0825 T2 | 0225 | 0300 | 0375
= : Hs | 0605 | 0700 | 0795
O ! h4 #U U U (4x) [ TIX) He | 2925 | 3.000 | 3.075
1 H7 0.500 REF
H8 | 0925 | 1.000 | 1.075
Ho | 0350 | 0500 | 0650
T2(3X) (29 H10 [ 5050 | 5200 | 5350
L1
et fa .
Hi
121 (== b(4X) NOTES:
- T I — — 1. DIMENSIONS ARE IN MILLIMETER.
A\ PACKAGE WIDTH DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
&(3X) MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15MM PER
END. PACKAGE LENGTH DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.
" ATHE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. PACKAGE WIDTH
AND LENGTH ARE DETERMINED AT THE OUTERMOST EXTREMES OF THE PLASTIC
D BODY EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD
HS =
A 4. ALL DIMENSIONS BETWEEN LEADFRAME ELEMENTS OR LEADFRAME AND PACKAGE SHALL
i A EXCLUDE TIN PLATING THICKNESS.
L
5. PLATING SPECS: MATTED TIN, ELECTROPLATED, 7.6~15.2 MICRO METER THICKNESS

Ll

ALL "EARS” ARE SHORTED TO GND
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17.1.2. SMP-4 - Pinout and Marking
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T Jmr 1.

Part Number

’ " Die Version

\UUMUUUH

90371EAC_C j 90371 EAC -C —— Avplication Code {‘C’ Standard/Legacy (-300)
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XXXXXX j ‘ AXXXXX }—> Assembly Lot Number
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- ’ Part Number
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[ CCCCCC ‘ CCCCCC }—» Capacitor Configuration {2}3@‘;:::4)(100“}:

BOTTOM Marking
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17.1.3. SMP-4 - Sensitive Spot Positioning

17.1.3.1. Standard/legacy Mode
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17.1.4. SMP-4 - Angle detection

Angle detection SMP-4

~ 0 Deg.* ~ 180 Deg.* ~90 Deg.* ~270Deg.*
.,’ E :I
[_
a
TUTIL TU T 0

~ 270 Deg.* ~90 Deg.*

* No absolute reference for the angular information.

Figure 17 — SMP-4 angle detection

17.1.5. SMP-4 - Package Thermal Performance

The table below describe the thermal behaviour of SMP-4 Side-by-Side package following JEDEC EIA/JESD
51.X standard.

Package Junction to case - Bic Junction to ambient - 8ja | Junction to ambient - 6ja
& ] (JEDEC 1s2p board) (JEDEC 1s0p board)

SMP-4 Side-by-Side 20.82 K/W 139.9 K/W

Table 29 — SMP-4 Side-by-Side Package thermal performance
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18. Contact

For the latest version of this document, go to our website at www.melexis.com.

For additional information, please contact our Direct Sales team and get help for your specific needs:

Europe, Africa Telephone: +32 13 67 04 95

Email : sales_europe@melexis.com
Americas Telephone: +1 603 223 2362

Email : sales_usa@melexis.com

Asia Email : sales_asia@melexis.com


http://www.melexis.com/
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19. 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 daffiliates' 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. (2021)

IATF 16949 and ISO 14001 Certified
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