MLX9037EAC Triaxis®PositionSersor

Datasheet

Features and Benefits

v I

Tria®)is® Hall Technology

A Dual die, PCless package

A OnChip Signal Processing for Robust Absolute
Position Sensing

ASILB Safety Element oubf-Context

A Programmable Measurement Range

A Programmable Linear Transfer Characteristic
(Multi-points 4 or 8 points or Pieed/ise
Linear 16 or 32 segments)

A Analog (Ratiometricutput

A 12 bit Resolution 10 bit Thermal Accuracy

A 48 bit ID Number option

SMIP-4

Application Examples

A
A
A
A
A
A

Absolute Rotary Position Sensor
Absolute Linear Position Sensor
Throttle Position Sensor
Steering Wheel Position Sensor
Valve Positiorsensor
NonContacting Potentiometer

Description

The MLX90371 is a monolithic sensor sensitive to
the three components of the flux density applied
to the IC (i.e. B B, and B). This allows the
MLX90371 with the correct magnetiadesign,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 MLX9037G&VDEAC outputsa programmable
ratiometric analog output signal The analog
output is compatible with any resistive
potentiometer orprogrammable linear Hall sensor
andis configurablehroughmulti-point calibration
to tune the output to the desired motion and
improve accuracy.

Unique to this variant, compared to the other
MLX90371 produs, is the dual die configuration
in the Single Mold Package (SMP) for 3B
integration.  Configured  with  sidby-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 PGIBss packages.
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MLX90371 EAG300 RERX  Standard / Legacy Mode

Tablel ¢ Ordering codes

Legend:
Temperature Code: G: from -40°C to 160°C
Package Code: avDe for SVIP-4 package $ingleMold, PCBlesg (seel7.1)
Option Code: EACxxx:Die Version
XX%123:
1: Applicationc Magnetic configuration
A 3:Standard / Legacy modgegacy backwards comparable to previot
generation)
2: Not applicable for SMR package variants
3: Not applicable for SMB package variants
Packing Form: -RE Tape & ReeB500 pcs/reel
-RX Tape & Reel, similar to RE with parts fdogn
Ordering Example: OMLX90371GD-EACG300-RE
For astandardmodeapplication inSMP4 package, delivered in Reel.

Table2 ¢ Ordering information legend
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MLX90371- Triaxis®Position Sersor .
Datasheet MeleX|S

Gauss (G), Unitsfor the magnetic flux density:

Tesla(T) 1mT=10G SEooC Safety Element Out of Context
TC '(I;?]rggerzrz%lgglcgt)afﬁcient FIR Finite Impulse Bsponse

PWM PulseWidth Modulation DCT DiagnosticCycle Time

%DC i[.)g.t%?;(:.la sit%i; utput signal. PWL Piece Wise Linear

ADC Analogto-Digital Converter IWD Intelligent Watchdog

DAC Digital-to-AnalogConverter AWD Absolute Watchdog

LSB Least9gnificantBit CPU CentralProcessingJnit

MSB Most SgnificantBit POR Power On Reset

DNL Differential Non-Linearity SW Software

INL IntegralNon-Linearity HW Hardware

ASP AnalogSgnalProcessing ECC ErrorCorrecting Gde

DSP Digital SgnalProcessing ROM Readonly Memory

EMC Hectro-MagneticCompatibility RAM Randomaccessviemory

MP SingleMold Package NVRAM Nonvolatile Randomaccessviemory
DP DiscontinuityPoint AoU Assumptions of Use

EoL End of Lne IMC Integrated Magnetic Concentrator
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(@]

outl
Vss
VDD
Out2
TeS
INPUT

TESP

Output
Ground
Supply
Output
Test
Test
Test

Table4 - SMPR4 Pin Definitions and Descriptions
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4.1 0342t dziS al EAYdzy wl GAy3a
H@Elllﬂﬁ@ﬂlﬁﬂﬂlﬂﬂﬂwﬂllll

<48h

Supply Voltage 45 <1min

. -14 At Room Temperature;ls

Reversev/oltage Protection VDDkey 7 Vv At Room Temperature; <48h

Positive Output Voltage \VouTt 18 \% <48h

Output Current louT -30 30 mA  -1.5V< \WwuT<40V

Reverse Output Voltage VOURey -0.3 V <48h

Operating Temperature Tavs -40 +160 °C Refc_er to the qualification
profile

Junction Temperature Tiunc +175 °C

Storage Temperature Tst -55 +170 °C Refc_er to the qualification
profile

Magnetic Flux Density -1 1 T

Table5 ¢ Absolute MaximumRatings

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

5DSYSN}f 9f SOUNAROIf {LISOA

General electrical specifications aralid fortemperature range:-40 - 160 BegC, supply voltage rangé.5 -
5.5Vunlessotherwise noted.

VDD

Supply Voltage

Standard/Legacy mod&o
Supply Curren IDD 12 18 20 mA  resistive load at OTPIN(CUTL
andOu12) ¢ Both dies on.

Startup Level (rising 3.95 4.1 4.25 \%
Startup Hysteresis 100 200 300 mV
PTC Entry Leverising) 6.2 6.5 6.8 Y,

YiC to be programmed at room temperature

RevisiorD02 Apr-21 Page8 of 40
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L -25 -10 VouTt=0V
Output Short Circuit Current Ishort 10 o5 mA VoUT= 5V or 18 V/
5 10 o Analog mode
Output Load R 2 10 o ™" Digitalmode
2 4
VsatA_lo gg ;_l) %\bD Pultup load IRZ mn 1 X d
Analog Saturation Output ' PulluploadR?p 1 K 02
Level
. 96 97 Pulldownload R2p 1 K
0,
VsatA_hi g7 5 og P\ b kdown load Rz M1 1 K
0.5 1 PulluploadR2mn 1 K @
VsatD_lo 35 5 %\WD PulluploadRzp K (2
25 4 Pullupload Rz H 1 K & 2
DigitalOutput Level
85 90 Pulldownload R H 1 K
VsatD_hi 96 97 %\bD Pulkdownload Rz p | K
97.5 98 Pultkdownload R2mn 1 K
0.5 1 Pullupload R2mn | K
Diag_lo 385 5 %\WD PulluploadREp 1 K (¢
25 4 PulluploadRE H 1 K (2
Active Diagnostic Output Leve
85 90 Pulkdownload R2H 1 K
Diag_hi 96 97 %\bD Pullkdownload Rz p 1 K
97.5 98 Pultkdownload R2mn 1 K
Broken \6s&
Passive Diagnostic Output BWs#D 97.5 98 %\bD Pulkdownload Rz mn 1 K
Laval 95 96 Pulkdownload Rz p 1 K
(BrokenWire Detection)? Broken \$s&
0,
BVs$U 99.5 100 00\DD Pultupload Rz p 1 K
Broken \DD&
Passive Diagnostic Output B\bCPD 0 0.5  %WD o, L iown load Rp 11X
Level
(BrokenWire Detection) @ 0 Broken \DD&
B\btPU 2 /\DD Pullupload Rz p 1 K
Clamped Output Lev&l Clamp 0 100  %\bD Programmable

Table6 ¢ Electrical specifications

As an illustration of the previous table, the MLX90371 fits the typical classification of the output span
described on the=igure3.

2 For detailed information, see also sectibd.1Safety Mechanism
3Clam|oing levels nekto be considered vs. the saturation of the output stage (see Analog Saturation Output level)

RevisiorD02 Apr-21 Page9 of 40
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VDD .
A * 51K [2IR2y'hut
100% Voo Ideal Output
(] a T -
96% Voot Diagnostic Band High Real Qutput |
A Programmable Gampinld High
c
2
joy
4
g— Linear/Range
o}
I
Q
o
3
\ Prog;émmable Qamping Low
29%Vop* - -
VoD ~_/ Diagnostic Band Low |> Vi

Melexis

INSPIRED ENGINEERING

Figure3 ¢ Example of Output Span Classification for typical application.

6.¢ A YAY 3

[ LISOATAOIAZ2Y

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

6.1.DSY SNYX y 3

T N

Main Clock Frequency 17.1 18.9 Incl.thermal drift and aging
Me'un Clock Frequency Therm D'k 3 3 0%k
Drift
Refresh Rate R 482 > a
Latency Time L 440 462 > a

968 1127 Filter=0 (FIR1Y

1474 1624 Filter=1 (FIR11)
Step Response Tinf& s - 2486 2617 > a Filter=2 (FIR1111)

2486 2617 HYST=1/2

5008 5099 HYST=1/4

Table7 ¢ GeneralTiming Secification

* Also include the main clock variatishs ¢ & LJA O £ Y hdzd Lddzi |t NBF R& NBF OKSR p s
Output already reached 90% sditty 3 Ay | FANBRG a0SL) onyun>a SIFNIASND
® See sectio2.4for details concerning Filter parameter
RevisiorD02 Apr-21 Pagel0of 40
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62 FGSyOé ¢AYS S5STAYAGAZY

Thelatency timeis a suitable metric for thédelay" of the sensorin case of a slow ramp of the magnetic
change for instance, when the magnet has angular frequency of 1@adians per secondi.e.,360 Deg
rotation within 100ms. A graphic illustration can be seeffrigure4.

A

angle

theta_magnet(t)

i R |<— time>

6.3.{ GSL) wSaLRyaS 5STFAYAGA2Y

The step response is a suitable metric for tldelay" of the sensoiin case of an abrupdtep in the magnetic
change considering 100% settling time without any DSP filtarll ®ttling is typically achieved in just two
steps.The sensor issynchronous with thenagnetic step changghe 100% settling time will fall in time
window; worst case is given in th&able7.

Magnetic step
(input change) Output refresh

100%of the target
Output response to 50%of the target 7777777777 C A

the magnetic step z §---ommmmmm oo

Internal :
processing Sep Response
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641 yI 23 GAYAYS

T T T T R

Startup Time Analog mode

no load valid for both rising

200 Vims and falling edge
®) capacitor loadi =100nF, valid
Analog @TSlewrate S 120 Ve for both rising and falling edge
35 V/ms capacitor loadi =330nF, valid

for both rising and falling edge

Table8 ¢ Analog timing specification

7.2l Ay EABOR wSIljdzZANBYSY (a
This section describes themagnetic field requirementsn order to meet the performance described in
section8.1.

7.1.{ 0 | ykR[I a2 RS

I Y

Number of magnetic poles Ne i End of shaft rotation or Linear

movement
Magnetic Flux Density in @ ) —
Y or Y By, B/ 709 mT & &
Magnetic Flux Density Z B, 100 mT
6 O (XYmode)
Magnetic Flux Norm 109 mT 0 —06  (XZmode)

0 —06  (Y-Zmode)

6Thecapacitors on the output are integrated in the SMP packageTséée28

" The condition must be fulfilled for at least one fieldoB B,

& Above 70 mT, the IMC® dksaturating yielding to amcrease of the linearity error

Below 10 mT the performances degrade due to a reduction of the stig#radise ratio, signato-offset ratio

RevisiorD02 Apr-21 Pagel2 of 40
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IMC gain Guc 1.19

Magnet Temperature i ppm/
Coefficient TCm 2400 0 DegC
Field Too Low Threshdit Briuow 3.4 5 6.6 mT

Melexis

> e(lO)

Corresponding to TCm=0

Correspondingo TCm=0.
Due to the saturation effect of

Field TocHighThreshold? Bri ien 70 100 130 mT the IMC, the FieldTooHigh
monitor detects only defects in
the sensors.

160

O Performance Performance
g Zone 1 Zone 2

@

>

©

[

o

5

|_
-40

10 15 20 Norm (mT)

8lal AYSGAO {LISOAFAOLIGAZY

81L15STAYAUAZ2Y

This chapter defineseveral parameters, which will be used for the magnetic specification.
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8.1.1.1.L Yy (i NIyyESH- GNNAR1NY

A
e
o O
&
> &
é_ Noise (pk-pk)
S Intrinsic Error >i3‘
(Le)
>

Input (Deg.)

Figure7 ¢ Analogsensor accuracy definition

Figure7 depicts the intrinsidinearity errorin parts after Melexis factory calibratioriThe Intrinsic Linearity

Error refers to the IC itself (offset, sensitivity mismatch, orthogonality) takitmaecount an ideal rotating

field for BX and BY. Once associated to a practical magnetic construction and the associated mechanical an
magnetic tolerances, the output linearity error increases. However, it can be improved with the-poiriti
end-user céibration.

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

8112¢2GFf BNATG

After calibration, the output angle of the sensor might still change due to temperature change, aging, etc..
CKAa A& RSTFAYSRrekd GKS G20GFf RNRAFIE

“torer (e T, 8- ing Try to)

% K S NJBs the input angle, T is the temperatures;Ts the room temperature, t is the elapsed lifetime after
calibration, t is the start of the operating life (right after calibration). Note the2 G I f ; RAEPafvays
defined with respect to angle at room temperaturgrduring calibration. In this datasheetgdis typically
defined at 30 Deg.C, unlessated otherwi®. The total drift isvalid for all angle along the full mechanical
stroke.

812{ GFyYRINRk[ S3F 08 a2RS

Before EoL calibrationGeneral performancesare valid fortemperature range:-40 - 160 Deg.C, supply
voltage range4.5- 5.5V unless otherwise noted.
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N N T

XY- IntrinsicLinearityError
XZ- IntrinsicLinearityError

YZ- IntrinsicLinearityError

Noise™?

XY- Total Drift

XZ- Total Drift

YZ - Total Drift

Hysteresis

Lexy
Lex, 25 °125 25 Deg.
Leyz 25 °125 25 Deg.
0.1 0.2 Deg. Filter=0,in performance zone ®
0.2 04 Deg. Filter=0,in performance zone®®
014 028 Deg. Filter=1,in performance zone®
0.1 0.2 Deg. Filter=2,in performance zone®®
0.45 Deg. in performance zone®
' T DRIFTXY ) 3
0.6 Deg. in performancezone 1*?
0.6 Deg. in performance zone®
T DRIFTXZ )
0.8 Deg. in performance zone®®
0.6 Deg. in performance zone®
' T DRIFTYZ )
0.8 Deg. in performance zone®®
0.1 0.2 Deg inperformance zon&"?
0.05 0.1 Deg inperformance zone®®

Table10 ¢ Magneticperformancesn Standard/LegaciMode

8.2.! y I hd2{BLUG® dzN} O &

T N

Thermal analog output Drift?

Analog Output Resolution

RatiometricError

12 .
b O

3 Referred to sectioi.1and Figure6

RevisiorD02

%\bD
12 bit 12bit DAC (Theoretical)
INL (before EoL
Roac 2 2 LSE calibration)
0.05 1 3 LSB, DNL
-0.1 0.1 %\bD

Tablell ¢ Analog output accuracy

Apr-21 Pagel5of 40
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9.aSY2NE {LISOATFTAOFUGOAZ2Y
ROM 32 KB

RAM 1024 B
NVRAM 256 B

Tablel2 ¢ Memory specification

hod

10,9 V-RASNJ t N2PANI YYIFI06fS LUOUSY

Default

PWM period defineds (PWMT 1.5)

PWMT Ssectd 1000

PWM DC_FAULT 2 PWM Duty Cycle if Faif 1 8
PWM DC_FIELDTOOLOW 3 E})NM Duty Cycle if Field Strength Too Lt 1 8
PWM DC_WEAKMAG 4 PWM Duty Cycle if Weak Magrit 1 8
PWM WEAKMAGTHRESH 5 Weak Magnethreshold Byté™? 0 8
DIAG_FIELDTOOLOWTHRE 6 Field limit undemwhich a fault is reported 0 8
DIAG_FIELDTOOHIGHTI4RE 7 Field limit ovewhich 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 g%‘;?iggjeegf 12 GUPLE I 1 5
Cw 20 Enables clockwise rotation direction 0 1
FILTER 21 FIR Filter mode selection 0 2

1 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 applicationtoenalifeA Ay pa & & Oy Iy Siié¢ o8& BOadThaLdighdhfeshold § K G K S
defined in section.

RevisiorD02 Apr-21 Pagel6 of 40
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4POINTS Selet LNR method 4 / 8ts

CAATIRATION %5 fnsiead of dagnosts teanoids. | © :
DP 26 Discontinuity point, 0 degree position 0 16
LNRSO 28 4ptsc Initial Slope 0 %Deg. 16
LNRAX 30 4pts¢ AX Coordinate 0 Deg. 16
LNRAY 32 4ptsg AY Coordinate 10 % 16
LNRAS 34 4pts¢ ASCoordinate 0.22%Deg. 16
LNRBX 36 4pts¢ BX Coordinate 360Deg. 16
LNRBY 38 4pts¢ BY Coordinate 100% 16
LNRBS 40 4pts¢ BS Coordinate 0 %/Deg. 16
LNRCX 42 4pts¢ CX Coordinate 360Deg. 16
LNRCY 44 4ptsq CY Coordinate 100% 16
LNRCS 46 4pts¢ CSCoordinate 0 %Deg. 16
LNRDX 48 4pts¢ DX Coordinate 360Deg. 16
LNRDY 50 4pts¢ DY Coordinate 100% 16
LNRDS 52 4pts¢ DS Coordinate 0 %Deg. 16
LNRYO 27 17 pts- Y coordinate point O N/A 16
LNR_Y 29 17 pts- Y coordinate pointl N/A 16
LNR_¥ 31 17 pts- Y coordinate point2 N/A 16
LNR_¥ 33 17 pts- Y coordinate point3 N/A 16
LNR_¥ 35 17 pts- Y coordinate point4 N/A 16
LNR_% 37 17 pts- Y coordinate points N/A 16
LNR_® 39 17 pts- Y coordinate point6 N/A 16
LNR_Y 41 17 pts- Y coordinate point7 N/A 16
LNR_® 43 17 pts- Y coordinate point8 N/A 16
LNR_Y¥ 45 17 pts- Y coordinate point9 N/A 16
LNR_YO 47 17 pts- Y coordinate pointl0 N/A 16
LNR_Y1 49 17 pts- Y coordinate pointl1 N/A 16
LNR_Y2 51 17 pts- Y coordinate pointl2 N/A 16
LNR_Y3 58 17 pts- Y coordinate pointl3 N/A 16
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LNR_Y4 17 pts- Y coordinate pointl4

LNR_Y5 57 17 pts- Y coordinate pointl5 N/A 16
LNR_Y6 60 17 pts- Y coordinate pointl6 N/A 16
CLAMPLOW 61 Clamping Low 50 % 16
CLAMPHIGH 62 Clamping High 50 % 16

Enables the output scaling

USEROPTION_SCALING 64 [-50..150%] vs [0..100%] 0 1
MEMLOCK 67 Enable CUST NVRAM write LOCK 0 2
DIAG_EN 68 Diagnostics enabling 1 1
DIAGDEBOUNCE_STEPDO 70 Diagnostidebouncing stepdown time 1 4
DIAGDEBOUNCE_STEPUP 71 Diagnostic debouncing stepup time 5 4
DIAGDEBOUNCEARESH 72 Diagnostic debouncing threshold 15 6
DIAGSAFE START 73 !:orce a complete diagnostic after an 1 1
— internal reset
DIAG_LOCK_FAIL 74 Diagnostid_atch Option after a fault 0 1
USER DO 75 User Id._ Reference. Reserved for custon see sectiorll 8
- traceability
USER ID 76 User Id.' Reference. Reserved for custon seesection1l 8
- traceability
USER D2 77 User Id._ Reference. Reserved for custon seesectionll 8
- traceability
USER D3 78 User Id.' Reference. Reserved for custon seesection1l 8
- traceability
USER D4 79 User Id._ Reference. Reserved for custon seesectionll 8
- traceability
USER 1D 80 User Id._ Reference. Reserved for custon seesection11 8
traceability
PWM_POL 83 Define the output stage mod¢&” 0 1
AOUT_STATE_DIA® 84 Definedigital level in diagnostic 0 1
AOUT_MODE_DIAG 85 Define the diagnostic output stage mode 3 2

®The defined digital level in diagnostic should correspon&t§t LJ- 3 aA @S RALFIAy23adGA0 t S0Sts as8$sS LI

. 55t 5¢ YR 4. +5Tadlesy $AADYD BTAXEIDWGYa K2dzf R 0SS aSG -dovn résistor wailk Sy  dza
dmé 6 KSy -ugzedisod LIdzf ¢
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AOUT_MODE_NORMAL Define the normal output stage mode
SEL_PWM 88 Enable PWM output? 0 1
WORK_RANGE 90 Angle range selection for 182 segments 0 4

Accelerate the Exponential Moving

DENOISING_FILTER_FAST 92 : 0 1
- - Average Filter
LNR_X00X07 93X99 8 pts- X coordinate point 0..7 N/A 16
LNR_DELTA_Y0Y32 103..134 32pts-n, O22NRAYI GS L N/A 16
Enable a doubled LNR method
DSP_LNR_RESX2 135 0: 4points or 16segments 0 1

1: 8points or 32segments

Tablel3 ¢ EnduserProgrammableltems
11.9Y-REARBYLIATFAOF GA2Y LUSYa

Parameter Description DEEL
value P Standard

Melexis identification referencex position code within

e 583584\ afer (8bit) + ¥position code within wafer (®it) i
MLX D2 585586 !\/Ielems |den_t|f|cat|on referencéNafer Id code (5 bit) + Lc 16
- id code (11bit)
, Melexis identification reference_ot id code (6 bit) + Fab i
B SEEEE | e (4bit) + CorDat Id code {6it) =
CHIP_VERSIOM 609 IMC shape versioidentifier: Order code300 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 D3 78 Identifier for the default factory setting revisidor the 1 8
- corresponding full mask set
USER_ID4 79 Identifier for embedded software revision: C 3 8
USER_ID5 80 reserved 0 8

Tablel4 ¢ Enduser identification items

Identification number: 48 bits (3 words) freely useableUser for traceability purpose.
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Output Stage mode (analog, digitalfinedin application through parameteAOUT_MODE_DIAG and
AOUT_MODE_NORMAL

Analog  Analog Raito-Rail Analog Only
1 Digital  open drain NMO&w side
2 Digital  open drain PMO@igh side
3 Digital PushPull
Tablel5 ¢ Programmable items: Output modes
122.h dzli LIdzl G NI} yaFSNJ OKI N OGSNRAGA

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

A With 4 arbitrary points (defined on X and Y coordinates) and 5 slopes
A With 8 arbitrary points (defined on X and Y coordinates)

A With 17 equidistant points for which only the Y coordinates arérobsl

A With 32 equidistant points for which oplthe Y coordinates are defined

0A CCW
correspond to all 4 LNR types 1A 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 0
LNRCY Only 4 pts P X b Yo\DD
LNRDY
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LNRSO
LNRAS
LNRBS Only 4 pts -mT X a1 > %\vbD'Deg.
LNRCS
LNRDS
LNRYO 8,17 pts
X® 0..100
LNRY7 h %VDD
pn X b 1
X 17 pts
LNRY16 P
LNR_X0
X® 8 pts i ?1"10?( b %\VDD
LNR_X7 P
+/-3.125%

LNR_DELTAYO1
_— - 0,
X @ 32 pts +/-6.25% 9%/DD

- 0
LNR_DELTAY32 ’:{ /?225%/0/0
WORK_RANGE 17, 32 pts cpdPp X <« Deg
CLAMPLOW correspond to all 4 LNR types 0» 100 %\VDD
CLAMPHIGH correspond to all 4 LNR types 0» 100 %\VDD

Tablel6 ¢ Programmabldtems: Output transfer characteristic

~

12219y F 6t S &O0F BA{YOIvhtt eNIhYOH{INI[ L b DO

Thisparameter enables to scale LNR YXfrom-50%- 150% according to the following formula

(Scaled Out)%@¥b= 2 x Out%BDC 50%

1222/ [ h/ Y2 L{ 9 6t/ 12NF Y& SNJ
The CLOCKWISE parameter defilesmagnet rotation direction.

Refer to the drawing in the sensitive spot positioning sections (Seé&ffpn
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The Dscontinuity Point defines the 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

Figure8 ¢ The placement of thBiscontinuity Poin(Zero Degre®oint)is programmable

1224t G4 [bw t I N}YSiSNa

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 thetdigangle 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 siarbitrary calibration points are then available, reducing the overall ioearity of

the IC by almost an order of magnitude each time. Three or six calibration point will be preferred by
customers looking for excellent ndmearity figures. Twepoint calibrationwill be preferredfor a cheaper
calibration setup and shorter calitation time.

100%
OAM;:)K;HT QampingHgh
SopeINRD_S
INRD Y|-mmmmmmmmmmmm oo SQRRREEERE
INR C Y iSope INRCS
LNR_B_Y__________________________________ -y _8_9991-’_\]_3—_8_—_5:

e

INR A Yp----------mmmmmm - A S ==
i Qamping Low
AAMPLOW [P m o = - - - - P oo ommooomooooooooobooooooooooooooosSoooooo
0% : ' >
LNR A X LNR B X INRCX LINRD X
0 (Deg.) - - - - 360 (Deg.)

Figure9 ¢ 4-Points Transfer function
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The 8PtsLNR 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 ddscrib
by the drawing below. Eight calibration points [LNRXQ LNRYQ7] together with 2 fix points [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 intpolation.

el W e
QAMPHIGH === == == oo oo o oo oo oo oo oo oo o e oo :
R X7
---------------------------------------- K |
-------------------------------- Xz T i
------------------------ Xo 00 s
I R T T T N i
wRw--Xo b i
i i i i i i i i Qamping Low i
AAMPLOW -5-=-- T T . T N . i [ ‘I
0% & ! ! | ! ! ! ! ! >|

INR X0 INR X1 LNR X7

o
~—
&
«Q
N—r
|

|

|
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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 Pts mode, the output transfer characteristic is Pidfese-Linear (PWL).

LNR_Y16A- ———————————————————————————————————————————————————— 9

1 0/ __"'____"____"'____"____"____"'____""""'7"’"5""""__ ___________________ 1
00% 1+ Qamping High '
AAMPHIGH |-----===== == mmmmmmm _— ¢
LNR Y15 |---n=mmmmmmmmmmmmmmmmmmoccm e . i
N B . i
! i | damping Low !
pooooooo fommeee Aremmmmme .
" i >

i i i i 360 (Deg.)
. . box ol opxo o (360W)Y2 1 (360-W)2
~ W =range from 65.5 Deg. up to 360 Deg. ' 360-W >

Figurell ¢ 17-Points calibration transfefunction

All the ¥coordinates can be programmed fro80% 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 CLAMPHIGHB&iimesn
two consecutivepoints, the output characteristic is interpolated:he parameter W (WORKING RANGE)
determines the input range on which the 17 points (16 segments) are uniformly spread:

e

0 (0000b) 360.(Meg 22.9eg 180.Meg 11.3Deg
1 320.MDeg 20.0Deg 9 144.(Deg 9.0Deg
2 288.(MDeg 18.(Deg 10 120.(MDeg 7.9Deg
3 261.8eg 16.4Deg 11 102.Deg 6.4Deg
4 240.(Meg 15.0Deg 12 90.0Deg 5.6Deg
5 221.9eg 13.8Deg 13 80.(Deg 5.0Deg
6 205.MDeg 12.9Deg 14 72.(MDeg 4.5Deg
7 192.(Deg 12.(Deg 15 (1111b) 65.5Deg 4.1Deg

Tablel7 ¢ Programmable itemsl7 points calibration

Outside of the selected range, the output will remain in clamping levels.
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The LNR parameters, together withe 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 th82-Pts mode, the output transfer characteristic is Pidfese-Linear (PWL).

Adjustable
10090 === === === mm == oo oo ST
0 A Qamping High range
AAMPHIGH [ -===== === mm oo o oo o o oo oo oo oo T
DSP_LNR Y programmable delta correction vs.
Programmed slope (%)
The delta correction range can be selected from
[+-3.125%, +/-6.25%, + -12.5% + -25% (max 100% !
360deg) i
i
% i
§ <o Dx fixed deltaangle (W/ 32) i
| 1
© |
3 Qamping Low i
} I(}I 1 I>|
Dx 360 (Deg.)

Figurel2 ¢ 32-Points calibration transfer function

All the ¥coordinates can be programmed as a delta correction by adding an offsé¢b {he programmed
slope. The delta correction range can be selected frard.125%,+6.25%,+12.5%,+25%] through the
parameter LNR_DELTA_Y_ _EXPAND_LOG2

Between two consecutive points, the output characteristic is interpolatethe parameter W
(WORKINGRANGE) detemines the input range on which the 32 points are uniformly spread:

e

0 (0000b) 360.Meg 11.2Deg 180.Meg 5.6Deg
1 320.MDeg 10.0Deg 9 144.(Deg 4.5Deg
2 288.(MDeg 9.0Deg 10 120.(MDeg 3.79Deg
3 261.8eg 8.2Deg 11 102.Deg 3.2Deg
4 240.(Meg 7.5Deg 12 90.0Deg 2.81Deg
5 221.9eg 6.9Deg 13 80.(Deg 2.50Deg
6 205.MDeg 7.5Deg 14 72.(MDeg 2.2%eg
7 192.MDeg 6.0Deg 15 (1111b) 65.9eg 2Deg

Tablel8 ¢ Programmable items: 3@oints calibration

Outside of the selected range, the output will remain in clamping levels.
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The clamping levels are two independent values to limit the output voltage range. The CLAMPLOW
parameter adjusts the minimum output voltadevel. 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 0.02d86\Wn PWM mode the
resolution will be 0.024%DC.

12.3.{ Sy 4 2 MIYRNR VY (i

Parameter Value

SENSING MODE 0..5
GAINMIN 0» 63
GAINMAX 0» 63
GAINSATURATION n X w

Tablel9 ¢ Programmable items: sensor freend

1231{ 9b{LbD ah59

The SENSING MODE parametefines 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.

RotaryStrayField Immune

XY AngulaPosition

XZ AngulaPosition

S ox < x 2

Y

4 YZ AngulaPosition
Z
n

%) LinearStrayField Immune

aa A W N B

X VA Extended LineaPosition StrayField Immune

Table20 ¢ Programmable items: sensing modes

1232D! LbalLb FYyR D! Lba!- tIFN¥YSGSNE

GAINMIN and GAINMAX define the thresholds on the gain code outside whichddfeia & D! L b 2 dzi
is set.

If GAINSATURATION is set, then the virtual gain codéuiated at GAINMIN anGAINMAX
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Parameter Value

FIR 0» 2
HYST 0» 255

The MLX90371 includes 2 types of filters:

A Exponential moving average Filter: programmable by the HYST parameter

A 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

Table21 ¢ Hiter improvement factor

1241.CLw CAf G4 SNA

The MLX90371 features@QLw FAf GSNJ Y2RS&a O2yGNRffSR gAGK CAfGS)
The transfer function is described below:

1 .0
yn = ] a a1'Xn-i
aa'"”

i=0

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

Filter No (j) —

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

Table22 ¢ Programmable itemsStep and impulse response of the differetRfilters
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The HYST parameter is a threshold to activate#dévate 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 programw®d H
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 milie programmed to a value close to the internal magnetic angle
noise level. (1LSB = 8 * 360 /*9).

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

X, = Angle =ﬁ Yoi =ﬁ 3yn-i
Type Yn =Output WIS =T,

Table23 ¢ Programmable items: denoising filter

o
=
et
S

125t NEIANF YYIFIO6fS S5AF3Ay28GA0 {

12515L! D Y2RS

t F NF YSGSNI a! h! cefnehtise Oytpul Stade moRe (analog, digital) duriraytsip and in case
of diagnostic

0 Disable analogmode Not recommended
1 Digital digital push mode

2 Digital digital pull mode

3 Digital digital pushpull mode

Table24 ¢ Programmable items diagnostic settings

12525L! D [ S@Sf

Parametera ! h! ¢ ¢{ ¢! ¢ 6teprbines theé repBrting level (diagnostic low, diagnostic high) during
start-up (both analog and PWM me{l, or during a fault reporting.
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A parametric debouncing algorithm insures thiat case of reporting mode ANA (See sectidhl Safety
Mechanism)

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

The error is reported on the output, using predefinezborting level, reporting time and debouncing time
The debouncing algorithm is parameterizedthg following NVRAM parameters:

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

Table25 ¢ Programmable diagnosticDIAG debouncing

The debouncing algorithm will increment the debounciogunter 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 thn the DEBOUNCE THRESHOLD, then an error is reported and the debouncing counter i
clampedto the DEBOUNCE THRESHOLD value.

The debouncinglgorithm uses a DiagnostiCycle TimgDCT of typ 9.4 msec, so the debouncing time and
recovery time are defined as:

Debounce Time DCT* CEILINGThreshold / UR1) DCT* CEILINGThreshold / UP )
Reporting time DCT* CEILINGThreshold / DOWN ) DCT* CEILINGThreshold / DOWN %)

Table26 ¢ Programmable diagnosticdebouncing & reporting time
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The MLX90371 providesmumerous seHdiagnostic features (safety mechanisms). Those features increase the
robustness of the IC functiogality as it will prevent the IC to provide erroneous output signal in case of
AYOGSNYLFE 2N SEGSNWIESEFIBE dzNE Y2RSa 6aFlh A

Internal Safetylechanisms

Category and safety mechanism name

Reporting
mode

=

ge} <

c =
A o O
+L o=
C o o
o 5 C
s >
LL ()=

Frontend hardware faults detection

Magnetic Signal Conditioning Rough Offset Clipping ¢ ’ 9.4ms  ANA
MagneticSignal Conditioning Gain monitor ’ 9.4ms  ANA
A/D Converter Test Pattern 9.4ms  ANA
ADC Conversion errors & Overflow Errors 9.4ms  ANA
Rotary mode: Flux Monitor ’ 9.4ms  ANA
Weak magnet diagnostic ‘ 9.4ms  ANA

DSP hardwarkaults detection

RAM Test (ritime) ISO D.2.5.1 25.7ms DIG
ROM 24 bits signature (rdime) 1SO D.2.4.3 25.7ms DIG
NVRAM 16 bits signature (rtime) 1ISO D.2.4.3 25.7ms DIG
NVRAM Single Error Correction n/a n/a
NVRANMDouble Error Detection 25.7ms DIG

Logical Monitoring of program sequence 1SO D.2.9.31

Watchdog "IWD" (cpu clock) ISO D2.9.2 40 ms DIG
Watchdog "AWD" (separate clock) ISO D2.9.1 40ms DIG
CPU Errors "Invalid Address","Wrapgode" <10ps DIG
Supporting functions: hardware faults detection

aﬁpfmg'igrﬁa“ig'gfept VS_OV & POR 9.4ms | ANA
External Supply Overvoltage Monitor VS_0OV 2.1ms Hiz
Digital Supply undervoltageonitor (Powefon reset) <lus Hiz
Bias Currents Monitors 9.4ms  ANA
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Internal Safetylechanisms Coverage

Category and safety mechanism name

Reporting
mode

2

© £

S £ 2
] o O
= o =
o a2
= S £
L =

Overheating monitor ) ) ) ) ) 9.4ms  ANA
Package/pin failures detection
BrokenWire Detection ) <10pus BRO
Failure Reporting Mechanisms
SW Saf&tartup mode + SW Fahfe mode n/a n/a DIG
Analogtype Error management (includes debouncing) n/a n/a ANA

Executed at poweon only

RAM March Test (not transparent) n/a DIG
NVRAM Configuration data integrity Check at pawer n/a DIG
NVRAM ECC at stanp n/a DIG
Selftest watchdog IWD n/a DIG

Table27 ¢ Safety mechanism

Legend:
: High failure dtection coverage
: Medium failure detection coverage
ANA : Programmable reportingvd + IC operates as normal
DIG :Reporting of digital HW faults: Output in higipedance + SW Fa#fe Mode OEW Safe Stattp mode
BRO :Lowimpedance output, see datasheet paramet®k&ldPU, BVddPD, BVssPU, BVssPD
DCT :DiagnosticCycle Time
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The safety manual, available upon request, contains the necessary information to integrate the MLX90371
component in a safety relatkitem, as Safety Element Gaf-Context (SEooC).

In particular it includes:

A The description of the ProducteDelopment lifecycle tailored for the Safety Element.
A An extract of the Technical Safety concept.

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

A assumption on the device safe state;
A assumptions orfault tolerant time interval and multiplgoint faults detection interval;
A assumptions on the context, including its exterirgkerfaces;

A The description of safety analysis results at the device level useful for the system integrator; HW
architectural metics anddescription ofdependent failures initiators.

A 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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1
Figurel3 ¢ Capacitor configurations ifMP-4 package

C1 220 nF
Cc2 220 nF
C3 100 nF Q
C4 100 nF (8
C5 100 nF
C6 100 nF

Table28 ¢ SMP4 capacitors configuration
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Our products are classified and qualified regarding soldering technology, solderadility 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 amr web site the General Guidelines
soldering recommendationm{tp://www.melexis.com/en/qualityenvironment/soldering

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

For package technology embedding trim and form paslivery capability, Melexis recommends consulting
the dedicated trim&forming recommendationapplication note: lead trimming and forming
recommendations Http://www.melexis.com/en/documents/documentation/applicatiomotes/lead
trimming-and-forming-recommendation¥

Melexisis 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 vik# quality page on our website:
http://www.melexis.com/en/qualityenvironment

16.9{ 5 t NBOI dziA2Yy a

Electronic semiconductor products are sensitive to Electro Static Discharge (ESD).
Always observe Electro Static Discharge control procedures whenever hasefigpnductor products.

RevisiorD02 Apr-21 Page34 of 40



MLX90371- Triaxis®RPosition Sersor .
Datasheet MeleXIS

NEERING

A

17.1{atnt F O1 F 38

17.1.1{atn-t F O1F 3S hdzif AyS 5AYSYyaArzya

L i 777! 7775/ ]
Dimension| MIN. NOM. | MAX. ||Dimension| MIN. NOM. | MAX.
o1(4%) o2(3%) A [ 1550 [ 1600 [ 1.650 L [ 13800 [ 14.000 | 14200
ejector pin mark A1 [ 0235 [ 0300 [ 0365 L1 | 7870 | 8000 | 8130
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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90371EAGC j 00371 || EAC || -C[— Application Code {‘PS'{ {yR- NRLegacy (-300)
| I
XOOKX j ‘ XOOOKXK }—» Assembly Lot Number
H a H b U c u
2 3
L TOP Marking
= ‘ Ep——
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I XOOOKX j XOOOKX }—> Assembly Lot Number
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Angle detection SMP-4
~0 Deg.* ~ 180 Deg.* ~90Deg* ~270Deg.*

]

~180Deg*  ~0Deg* ~270Deg*  ~90 Deg*

* No absolute reference for the angular information.

Figurel7 ¢ SMP-4 angle detection

1715{ ann-t  O1F 38 ¢KSNXIf t SNF2NXI yOS

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

Package Junction to case’ 2 G Junction to ambient * 2] Junction to ambient *
9 (JEDEC 1s2p board) (JEDEC 1s0p board)

SMP4 Sideby-Side 20.82 K/W

139.9 K/IW
Table29 ¢ SMP4 Sideby-Side Package thermal performance
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For the latest version of this document, go to our websitevaiw.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
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The content of this document is believed to be correct and accurate. However, the content of this document is furnishddr"as
informational use only and no representation, nor warranty is provided by Melexis about its accuracy, nor about theofrésults
implementation. Melexis assumes no responsibility or liability for any errors or inaccuracies that may appear in thistd@ustwner
will follow the practices contained in this document under its sole responsibility. This documentationtipiovided without warranty,
term, or condition of any kind, either implied or expressed, including but not limited to warranties of merchantabiitycteayi quality,
norrinfringement, and fitness for purpose. Melexis, its employees and agents affilises’ 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 foregoatgyalont
obligations expressly undertaken in writing by Melexis prevailtnedisclaimer.

This document is subject to change without notice, and should not be construed as a commitment by Melexis. Therefqudiejore
orders or prior to designing the product into a system, users or any third party should obtain thedeg&s of the relevant information.
Users or any third party must determine the suitability of the product described in this document for its applicatioimgirtckitbvel of
reliability required and determine whether it is fit for a particular psg.

This document as well as the product here described may be subject to export control regulations. Be aware that expeguinéght
prior authorization from competent authorities. The product is not designed, authorized or warranted to beesuntapplications
requiring extended temperature range and/or unusual environmental requirements. High reliability applications, such aklifeedica
support or lifesustaining equipment or avionics application are specifically excluded by Melexis. @het pnay not be used for the
following applications subject to export control regulations: the development, production, processing, operation, maintstoaage,
recognition or proliferation of:

1. chemical, biological or nuclear weapons, or for theetiggment, 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 thaalone 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 interésigranted to any of Melexis' or third party's intellectual property rights.

LT GKA& R20dzYSyid Aa YINJSR aNBaGNAROGSRE 2NJ 6A0GK aAablydntendoasl2 NR &
as being confidential, the recipieof this document shall not communicate, nor disclose to any third party, any part of the document
gAGK2dzi aSf SEAAQ SELINB&Aa sNAGGESYy O2yaSyido ¢KS NBOA LSaiactes K | £ f
of the document.rl 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 carefrii) thes
discbsure of the document solely to its employees for the purpose for which this document was received, on a strictly neetasikno

and providing that such persons to whom the document is disclosed are bound by confidentiality terms substantially Sioskiin this
disclaimer; (iii) use the document only in connection with the purpose for which this document was received, and reprothere doly

to the extent necessary for such purposes; (iv) not use the document for commercial purposes adetirttent of Melexis or its
customers. The confidentiality obligations set forth in this disclaimer will have indefinite duration and in any casé beegffective for

no less than 10 years from the receipt of this document.

This disclaimer will bgoverned 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 thidadizer 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 Melexisl) (202

IATF 1694@nd ISO 14001 Certified
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