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MLX90372 - Triaxis®Position Processor

Datasheet

Triaxis® Hall Technology

On Chip Signal Processing for Robust
Absolute Position Sensing

1SO26262 ASIL-C capable, Safety Element out
of Context (SEooC)

Programmable Measurement Range

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

Selectable (fast) SENT or PWM Output
SAE J2716 APR2016 SENT

Enhanced serial data communication

48 bit ID Number option
Single Die - SOIC-8 Package RoHS Compliant

Dual Die (Full Redundant) - TSSOP-16 Package
RoHS Compliant

DMP-4 RoHS Compliant

Robustness against stray-field

Absolute Rotary Position Sensor
Pedal Position Sensor

Throttle Position Sensor

Ride Height Position Sensor
Absolute Linear Position Sensor
Steering Wheel Position Sensor
Float-Level Sensor

Non-Contacting Potentiometer
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The MLX90372 is a monolithic magnetic position
processor IC. It consists of a Triaxis® Hall magnetic
front end, an analog to digital signal conditioner, a
DSP for advanced signal processing and an output
stage driver.

The MLX90372 is sensitive to the three
components of the magnetic flux density applied
to the IC (i.e. Bx, By and Bz). This allows the
MLX90372 with the correct magnetic circuit to
decode the absolute position of any moving
magnet (e.g. rotary position from 0 to 360
Degrees or linear displacement, see fig. 2). It
enables the design of non-contacting position
sensors that are frequently required for both
automotive and industrial applications.

The MLX90372 provides SENT frames encoded
according to a Secure Sensor format. The circuit
delivers enhanced serial messages providing error
codes, and user-defined values. Through
programming, the MLX90372 can also be
configured to output a PWM (Pulse Width
Modulated) signal.
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g:lt.iohzztz Triaxis® Position Processor Mel exis
MLX90372 G DC ACC-100 RE Angular Rotary Strayfield Immune
MLX90372 G DC ACC-200 RE Linear position Strayfield Immune
MLX90372 G DC ACC-300 RE Angular Rotary / Linear position
MLX90372 G GO ACC-100 RE Angular Rotary Strayfield Immune
MLX90372 G GO ACC-200 RE Linear position Strayfield Immune
MLX90372 G GO ACC-300 RE Angular Rotary / Linear position
MLX90372 G GO ACC-500 RE Angular Rotary Strayfield Immune
MLX90372 G VS ACC-300 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACC-301 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACC-303 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACC-308 RE/RX Angular Rotary / Linear position
MLX90372 G DC ACE-100 RE Angular Rotary Strayfield Immune
MLX90372 G DC ACE-200 RE Linear position Strayfield Immune
MLX90372 G DC ACE-300 RE Angular Rotary / Linear position
MLX90372 G GO ACE-100 RE Angular Rotary Strayfield Immune
MLX90372 G GO ACE-200 RE Linear position Strayfield Immune
MLX90372 G GO ACE-300 RE Angular Rotary / Linear position
MLX90372 G VS ACE-100 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-101 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-103 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-108 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-200 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-201 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-203 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-208 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-300 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-301 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-303 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-308 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-350 RE/RX Angular Rotary / Linear position
MLX90372 G VS ACE-357 RE/RX Angular Rotary / Linear position
MLX90372 G VS ADE-310 RE/RX Angular Rotary / Linear position
MLX90372 G VS ADE-311 RE/RX Angular Rotary / Linear position
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ML90372 Triaxis® Position Processor
Datasheet MeleXIS

MLX90372 ADE-313 RE/RX Angular Rotary / Linear position
MLX90372 G VS ADE-318 RE/RX Angular Rotary / Linear position

Table 1 - Ordering Codes

Temperature Code: G: from -40°C to 160°C

Package Code: DC: SOIC-8 package (see 18.1)
GO : TSSOP-16 package (full redundancy dual die, see 18.5)
VS : DMP-4 package (PCB-less dual mold, see 18.12)

Option Code - Chip revision = ACC-123 : Chip Revision
= ACC : Not recommended for new designs ¥
= ACE : Standard preferred revision !

= ADE : DMP “low emissions” version

Option Code - Application ACE-123 : 1-Application - Magnetic configuration
= 1: Angular Rotary Strayfield Immune - Low field Variant
= 2: Linear position Strayfield Immune
= 3:Legacy/ Angular Rotary / Linear position
= 5: Angular Rotary Strayfield Immune - High field Variant

Option Code - SW & DMP-4 = ACE-123 : 2-SW and DMP-4 package configuration
configuration For SOIC-8 (code DC) and TSSOP-16 (code GO) packages
= 0: SENT 3us mode
For DMP-4 (code VS) package with Pinout-A (see section 3.3)
= 0: SENT 3ps mode, standard capacitor configuration
= 1: SENT 3ps mode, capacitor configuration no 2
For DMP-4 (code VS) package with Pinout-B (see section 3.4)

= 5:SENT 3us mode

Option Code - Trim & Form  ACE-123 : 3-DMP-4 Trim & Form configuration
= 0: Standard straight leads. See section 18.9

= 1:Trim and Form STD1 2.54. See section 18.10 (not recommended
for new designs, prefer STD4 2.54)

= 3:Trim and Form STD2 2.54. See section 18.11
= 7:Trim and Form STD3 2.00. See section 18.12
= 8:Trim and Form STD4 2.54. See section 18.13

L ACE is preferred product revision to be selected for new designs. ACC remains in production during the entire product lifecycle.
2 See section 15.3 Wiring with the MLX90372 in DMP-4 Package (built-in capacitors)
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ML90372 Triaxis® Position Processor

Melexis -
Datasheet ; 21
Packing Form: -RE : Tape & Reel
VS:2500 pcs/reel
DC:3000 pcs/reel
G0:4500 pcs/reel
-RX : Tape & Reel, similar to RE with parts face-down (VS package only)
Ordering Example: MLX90372GDC-ACE-300-RE
For a legacy version in SOIC-8 package, delivered in Reel of 3000pcs.
REVISION 7 - March 23, 2018 Page 4 of 83

3501090372



ML90372 Triaxis® Position Processor Mel eXIS

Datasheet
FEAtUres and BENEFitS.....ccuiiiiiiiiiiiiiiiie e e e e e s e e e e e e s e 1
JaY o]l Tor: L o] gl ST ] o] (=L RO 1
DR ol | o1 A o o RS 1
Ordering INFOrMAtioN ........e i e e e e e e et e e e e e et e e e e st e e eeanaeeerennnnnns 2
1. Functional Diagram and Application MoOdES...........ccooieiniiiiiiiiee e e 8
2. GlOSSANY Of TEIMNS ...ttt ettt e e e et e e e et a e e e eata e e e e saaa e eseatanseesatnnaaesnnnneaersnnnnnns 9
3. Pin Definitions and DesSCripLioNS ........cciiiiiiiiiiiiie e e e et e e e e e e e e e eena e e e e enneeeeeennas 10
3.1. Pin Definition fOr SOIC-8 PaCKAZE .. ..uuuiiiiiiiiiiiiii 10
3.2. Pin Definition fOr TSSOP-16 .....ciiiiiiiiiiii e 10
3.3. Pin Definition for DMPHL - PINOUL A oot 11
3.4. Pin Definition for DMP#2 - PINOUL B ..oouiiiiiiiii e 11
4. Absolute MaximuUm RatiNgS.......ouuuuuiiiie i e e e e e e e e e e e ae e e e eeeeeeasaaeaeeeeeeenennnnnnaes 12
ST K] T ToT g Iy 1= o1 ot | d o] o WP 12
6. General Electrical SpPeCifiCations..........ouuuiiiiii i 13
41T o T=Tol 1 Tr= ) o o TP 15
7.1. General Timing SPeCIfICAtIONS ..iiiiiiie e 15
7.2 TIMNE IMMOT@S ettt 15
7.3, TIMINE DO INITIONS ..ttt 17
7.4, SENT timing SPeCIHICATIONS . uvueeii e 19
7.5. PWM timing SPeCITiCatioNS ..uvveii i 22
8. Magnetic Field SpeCifiCations ...........uuuiiiiiiiiiiiiiiiicei e e e et e eaeeanaaas 23
8.1. Rotary Stray-field Immune Mode - Low Field Variant (-100 code) ........ccooeeeeiiiiiiiiiiiiiieeeee. 23
8.2. Rotary Stray-field Immune Mode - High Field Variant (-500 code) ........cccoeeeiiiiiiiiiiiiiieeeen.... 24
8.3. Linear Stray-field Immune Mode (-200 COAE) ...ovmmiiiiiiiiieiecee e 25
8.4. Standard/Legacy Mode (=300 COUR) ... 26
9. ACCUTACY SPECIHICATIONS . vvvuuieeeeieeiiiiiitieee e e ettt e e e e e ettt e e e e e eeeeebbbaaereseseassesssssanesenesansnsnes 28
I D < o T [0 o PSR PPPPPR 28
9.2. Rotary Stray-field Immune Mode - Low Field Variant (-100 code) ........ccooeevviiiiiiiiiiiiiiieeen 29
9.3. Rotary Stray-field Immune Mode - High Field Variant (-500 code) ........cccooeeieiiiiiiiiiiiieeeenn... 30
9.4. Linear Stray-field IMmuNe MOE ... 30
9.5, StaNdard/LEEACY MO ......eiieieeeee 31
O Y [T g Yo AV o =Yl | 1 or= 4 o T o LRSS 32
D IT- 43 &= | O IU] o1Vl o] o Lol | KR RPN 33
REVISION 7 - March 23, 2018 Page 5 of 83

3501090372



ML90372 Triaxis® Position Processor Mel eXIS

Datasheet
11.1. Single Edge Nibble Transmission (SENT) SAE J2716 ...ooeiiiiiiiiiiiiiiieeeeeeee e 33
11.2. PWM (pulse width modulation).........coooiiiiiii 42
12. End-User Programmable [LEMS..........u i e e e e e e e e e e eaae e e e s ennaeeeees 43
12.1. End User 1dentification [EEMS .....oiiiiiiiiii e 47
13. Description of End-User Programmable IEemMS ........oooiueiriiiieeee e 48
130 QUL PUL MO ittt 48
13.2. Output Transfer CharacteristiC.........oooooiiiiiiiiii 49
13,3, SeNSOr FrONt-ENG oo 57
S R 1 A=Y T o= SO TP PP PUPUPUPPRR 58
13.5. Programmable Diagnostics SEtHINGS ...ooviiiiiiiii i 59
B ¥ g Tor oY o 1= Y- | =1 YU 63
T4.1. Safety IManUal ..o 63
14.2. Safety MeChanisSms ... 63
15. Recommended Application DIagrams ...........ueiiiiiiiiiiiiiiicie e e e e e e e e e e e e e e e e ennaaas 67
15.1. Wiring with the MLX90372 in SOIC-8 PaCKage ......ccooeeiiiiiiiiiiiie 67
15.2. Wiring with the MLX90372 in TSSOP-16 Package..........ccooeveiiiiiiiiii e 68
15.3. Wiring with the MLX90372 in DMP-4 Package (built-in capacitors)........ccccccoeeeieeeiiinnnnnnnn. 69
16. Standard information regarding manufacturability of Melexis products with different
0] [0 [T g1 V= d o] ool T Y=L PRSP 70
A YD o =T or= 1V o o] o PP PPPPR 70
18. Package INfOrMAtION . ... et e e e e et et e e e e e e eabaaas 71
18.1. SOIC-8 - PACKAZE DIiMENSIONS .ovvveiieeeeeeeeee et 71
18.2. SOIC-8 - PiNOUL @and Marking ...ouueeieiieeiee e 71
18.3. SOIC-8 - Sensitive SPOL POSITIONING c.oouniii e 72
18.4. SOIC-8 - ANEIE ATECTION oottt 73
18.5. TSSOP-16 - Package DimMENSIONS .. .ce it 74
18.6. TSSOP-16 - PINOUL @and Marking....cooooiiiiiiiee e 75
18.7. TSSOP-16 - Sensitive SPOt POSITIONING .ovvniiiiei e 75
18.8. TSSOP-16 - ANgle DELECTION ..ot 76
18.9. DMP-4 - Package Outline Dimensions (POD) - Straight Leads .................oo . 77
18.10. DMP-4 - Package Outline Dimensions (POD) - STD1 2.54.........ooiiiiiiiiiiiii 77
18.11. DMP-4 - Package Outline Dimensions (POD) - STD2 2.54 ... 78
18.12. DMP-4 - Package Outline Dimensions (POD) - STD3 2.00.........ccceeeiiiiiiiiiiiiiiii 78
18.13. DMP-4 - Package Outline Dimensions (POD) - STD4 2.54 ... 79
18.14. DIMP-4 = IMIATKING «eeeeeiiiie ettt ettt e e 79
REVISION 7 - March 23, 2018 Page 6 of 83

3501090372



ML90372 Triaxis® Position Processor Melexw

Datasheet
18.15. DMP-4 - Sensitive SPOt POSITIONING ...oiiieiiie e 80
18.16. DMP-4 - ANgle deteCtioN .oiiiiiiiii i 82
18.17. Packages Thermal PerformancCes ... 82
S TR 0o 4 | Lot ST UPRPRPN 83
20, DiSCIAIMIBT <. e e e e e e e e e e e e e e e e e e e e e e aeaeaeaas 83
REVISION 7 - March 23, 2018 Page 7 of 83

3501090372



ML90372 Triaxis® Position Processor
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1. Functional Diagram and Application Modes

INPUT Vob Voec
r ? —
Rev. Pol & Analog I-|-I Digital
I I Qvervolt Prot. Regulator Regulator
Ext. Signal PWM
Conditioner Meas.
DSP
Output Stage

NVRAM 12 it SENT & 5PC

Triaxis® ADC I —
L - 12 bit PWM
8 [ « t

ROM - Firmware

MUX

] Qur

Il
I

‘;—{]WS

fig. 1 - MLX90372 Block diagram

Rotary Strayfield Immune Angular Rotary

Linear Position

o

fig. 2 - Application Modes
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ML90372 Triaxis® Position Processor

Datasheet

ADC
AoU
ASP
AWD
CPU
CRC
%DC
DMP

DP

DCT

DSP
ECC
EMA
EMC
EolL

FIR
Gauss (G)
HW

IMC
INL / DNL
IWD
LSB/MSB
NC
NVRAM
POR
PSF
PWL
PWM
RAM
ROM
SEooC
TC

Tesla (T)

Analog-to-Digital Converter
Assumption of Use

Analog Signal Processing
Absolute Watchdog

Central Processing Unit

Cyclic Redundancy Check

Duty Cycle of the output signal i.e. Ton /(Ton + Tore)
Dual Mould Package
Discontinuity Point

Diagnostic Cycle Time

Digital Signal Processing

Error Correcting Code
Exponential Moving Average
Electro-Magnetic Compatibility
End of Line

Finite Impulse Response

Alternative unit for the magnetic flux density (10G = 1mT)

Hardware

Integrated Magnetic Concentrator
Integral Non-Linearity / Differential Non-Linearity
Intelligent Watchdog

Least Significant Bit / Most Significant Bit
Not Connected

Non Volatile RAM

Power On Reset

Product Specific Functions

Piecewise Linear

Pulse Width Modulation

Random Access Memory

Read-Only Memory

Safety Element out of Context
Temperature Coefficient (in ppm/°C)

S| derived unit for the magnetic flux density (Vs/m2)

REVISION 7 - March 23, 2018
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ML90372 Triaxis® Position Processor
Datasheet Mej,e,xm

3. Pin Definitions and Descriptions

3.1. Pin Definition for SOIC-8 package

e T e o

1 Voo Supply

2 Input For test or Application
3 Test For test or Application
4 N.C. Not connected

5 ouT Output

6 Vss Digital ground

7 Voec Decoupling pin

8 Vss Analog ground

Table 4 - SOIC-8 Pins definition and description

Pins Input and Test are internally grounded in application. For optimal EMC behaviour always connect the
unused pins to the ground of the PCB.

3.2. Pin Definition for TSSOP-16

T e T o

1 Vpec1 Decoupling pin diel

2 Vst Analog ground diel

3 Vop1 Supply diel

4 Input, For test or Application

5 Test, For test or Application

6 ouT, Output die2

7 N.C. Not connected

8 Vss, Digital ground die2

9 Voec2 Decoupling pin die2

10 Vss, Analog ground die2

11 Vb2 Supply die2

12 Input, For test or Application

13 Test, For test or Application

14 N.C. Not connected

15 ouT, Output diel

16 Vi Digital ground diel

Table 5 - TSSOP-16 Pins definition and description

REVISION 7 - March 23, 2018 Page 10 of 83
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ML90372 Triaxis® Position Processor
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Pins Input and Test are internally grounded in application. For optimal EMC behaviour always connect the
unused pins to the ground of the PCB.

3.3. Pin Definition for DMP#1 - Pinout A

DMP-4 package pinout A offers a pin to pin compatibility with the previous generation of Triaxis®
products.

T e oo

1 Vs Ground
2 Voo Supply
3 ouT Output
4 Vs Ground

Table 6 - DMP-4 Pins definition and description (pinout A)

3.4. Pin Definition for DMP#2 - Pinout B

DMP-4 package configuration pinout B offers full benefit of the applications of Input pin (NTC, digital or
analog gateway).

T e oo

1 ouT Output
2 Vs Ground
3 Voo Supply
4 Input NTC/Gateway

Table 7 - DMP-4 Pins definition and description (pinout B)
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3901090372



ML90372 Triaxis® Position Processor

Datasheet

4. Absolute Maximum Ratings

Melexls

{SPIRED EMGINEERING

T T Y T T N,

Supply Voltage

Reverse Voltage Protection

Positive Output Voltage
Reverse Output Voltage

Internal Voltage

Positive Input pin Voltage
Reverse Input pin Voltage

Operating Temperature
Junction Temperature

Storage Temperature

Magnetic Flux Density

VDD
VDD—rev
VDD—rev

VOUT
VOUT—rev

Voec
VDEC-rev

VInput
Vlnput-rev

TAMB

T

-14
-20

-14

-40

37

28

3.6

+160

+175

+170

< < < < < < < < < <

o
(@]

o

°C

<48h; T;<175°C
< 60s ; Tams < 35°C
< 48h

<1h

< 48h

<48h

see 18.17 for package thermal
dissipation values

Table 8 - Absolute maximum ratings

Exceeding any of the absolute maximum ratings may cause permanent damage.

Exposure to absolute maximum ratings conditions for extended periods may affect device reliability.

Isolation Specification

Only valid for the TSSOP-16 package (code GO, i.e. dual die version).

e e T A

Isolation Resistance Risol

REVISION 7 - March 23, 2018
3901090372

4

MQ

Between dice, measured between
Vss1 and Vss) with +/-20V bias

Table 9 - Isolation specification
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ML90372 Triaxis® Position Processor
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Melexis

General electrical specifications are valid for temperature range [-40;160] °C and supply voltage range
[4.5;5.5] V unless otherwise noted.

Supply Voltage
Supply Voltage Battery

Supply Cu rrent®

Supply Current®®

Surge Current

Start-up Level (rising)
Start-up Hysteresis

PTC Entry Level (rising)
PTC Entry Level
Hysteresis

PTC Entry Level (rising)
Under voltage detection

Under voltage detection
hysteresis

Regulated Voltage

Regulated Voltage over
voltage detection

Regulated Voltage under
voltage detection

Regulated Voltage UV /
OV detection hysteresis

Power-On reset (rising)

Power-On reset
Hysteresis

VDD
VDD

IDD

Isurge
VDDstartH
VDDsta rtHyst

VPROVO

VerovoHyst

VPROVl

VDDUVL
VDDUVHyst
VDEC

VDECOVH

VDECUVL

VDECOVHyst

Vbecuvhyst

VPOR

VPORHyst

REVISION 7 - March 23, 2018

4.5

9.0

8.0

3.95
150

7.10

400

21.5
3.75

150

3.2

3.65

2.70

100

1.585

30

5
12

10.5

9.0

30

4.1
200

7.35

500

22.5
3.90

200

3.3

3.75

2.85

150

1.680

100

5.5
18

12.6

10.5

40

4.25
250

7.60

600

23.5
4.05

250

3.4

3.85

2.92

200

1.735

200

mA

mA

mA

mV

mV

mV

mV

Vv

mV

For voltage regulated mode

For Battery usage ¥

Rotary and linear stray field

applications (option
200, -500)

Legacy applications
-300)

Startup current (wit
capacitor charge tra
tstartup < 40|J-S)

code -100, -

(option code

hout
nsient,

Supply overvoltage detection in

5V applications ¥

For Battery usage ¥

Supply voltage low threshold

Internal analog voltage

High threshold

Low threshold

Refers to internal di
regulator voltage

gital
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Output Short Circuit
Current®

Output Short Circuit
Current

Output Load

Digital push-pull output
level

Digital open drain output
level

Digital output Ron

IOUTshorth

IOUTshortOd

Ru

Ru

Ru

VsatLoPp
VsatLoPp
VsatHiPp

VsatHiPp

VsatLoOd

VsatHiOd

-25
10

25

10

98

95

90

27

50

99

50

100

? Output current limitation triggers after a typical delay of 3us.

REVISION 7 - March 23, 2018
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-10
25

90

55
100

100

10

100

100

215

mA
mA

mA

kQ

kQ
kQ

%Voo

%Voo

%Vop

%Vop

%Vext

%Voo

Q

Q

Push-pull mode

Vour=0V
Vour=5V/ 18V

PWM mode Open Drain only
(see 13.1.1)

PWM pull-up to 5V,
PWM pull-down to OV

SENT pull-up
Open drain pull-up

R. = 10kQ
R. 2 3kQ, pull-up to 5V
R = 10kQ

R.2 3kQ, pull-down

Pull-up to any external voltage
Vet £18V, 1L £3.4mA

Pull-down to GND with any
supply voltage Vpp <18V, I, <
3.4mA

ACC and ACE chip revision.
Push-pull mode

ADE chip revision. Push-pull
mode

Table 11 - Output Electrical specifications
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ML90372 Triaxis® Position Processor
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Melexis

Timing specifications are valid for temperature range [-40;160] °C and supply voltage range [4.5; 5.5] V
unless otherwise noted.

7.1. General Timing Specifications

Including thermal and lifetime

22.8 24 25.2 MHz drift

Main Clock Frequency Fex
Relative tolerances, including

- [v)
> > #oFex thermal and lifetime drift

Main Clock initial

AFeeo 2375 24 2425  MHz T=35°C
tolerances '

Main Clock Frequency Relative to clock frequency at

- - o)
Thermal Drift AFecr 2 2 #oF e 35°C. No ageing effect.
1MHz Clock Frequency Fim 1 MHz
Intelligent Watchdog _
Timeout Two 19 20 21 ms Fex = 24MHz
Absolute Watchdog B
Timeout Tawo 19 20 21 ms Fim=1MHz
Analog Diagnostics DCT DCTana 34 34 Tangle Asynchronous mode (7.2.1)

Meas

17 17 Ttrame  Sync. Mode, Nyngeram=2

34 34 Ttrame  Sync. Mode, Nyngpram=1
Digital Diagnostics DCT DCTpis 20 ms see Table 70, section 14.2
Fail Safe state duration Tess 28.4 32.0 34.6 ms For digital single-event faults
Safe startup Time Tsafestup Tinit + DCTana ms see Table 15 for Tinit

7.2. Timing Modes

The MLX90372 can be configured in two continuous angle acquisition modes described in the following
sections.

7.2.1. Continuous Asynchronous Acquisition Mode

In this mode, the sensor continuously acquire angle at a fixed rate that is asynchronous with regards to
the output. The acquisition rate is defined by the T_ADC_SEQ parameter which defines the angle
measurement period T,ngiemeas- This mode is used in SENT without pause and PWM. Despite that PWM is
periodic, asynchronous mode is better suited and enable complete filtering options for PWM signals that
are often slow compared to the measurement sequence.
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TangleMeas
‘ * acq. = angle (analog) acquisition
dsp = angle (digital) calculation
Angle
Acquisition
tasks
(simplified)
SENT frames are not periodic
SENT

w/o pause 2
w
2
SPC sync pulse 28
from master E s
SE
PWM | | | ° | £5
]
“ -
1 f
Trwm 2

fig. 3 - Continuous Asynchronous Timing Mode

O T T T

Angle acquisition time TangleAcq

Typical is default factory
settings (no user control)

Internal Angle

anglelvVieas 2 -
Measurement Period Tanglem 528 588 us

Do not change for
SENT Frame Tick Count Nttrame 282 - - ticks asynchronous mode (see
chap.12, T_FRAME)

Table 13 - Continuous Asynchronous Timing Mode

7.2.2. Continuous Synchronous Acquisition Mode

In continuous synchronous timing mode, the sensor acquires angles based on the output frequency. As a
consequence, the output should have a fixed frame frequency. This mode makes sense only with
constant SENT frame length (SENT with pause). The length of the SENT frame is defined by the parameter
T_FRAME in number of ticks. The user has the choice to select either one or two angle acquisitions and
DSP calculations per frame.

optional 2nd angle optionol 2nd angle

Angle
Acquisition
tasks
(simplified)
sync
SENT
with pause
pause pause

fig. 4 - Continuous Synchronous Timing Mode
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Following table describes the frame length of synchronous acquisition mode with regards to T_FRAME
parameter value (see chap. 12). Minimal values represent MLX90372 best achievable performance.
Typical values are default or recommended values. Maximal values are limited by the SAE J2716 standard
and not displayed in this table. For a chosen timing configuration, one has to take into account the main
clock relative tolerances listed in Table 12 to get a tolerance on the frame length.

SENT Frame Tick Count For tick time of 3us (Normal

(6) . -
(Normal SENT) Nrfome 310 320 g SENT) and two angles per frame
SENT Frame Tick Count 6) ) . For tick time of 3us (Normal
(Normal SENT) Nrfrome 282 304 ticks SENT) and one angle per frame
SENT Frame Tick Count (Fast Npor. 320 330 i ticks For tick time of 1.5us (Fast SENT)
SENT) and one angle per frame
. 3us tick time with pause and two
(6) )
SENT Frame Period (Normal)  Ttame 930 960 s angles per frame (Foc = 24MHz)
. 1.5us tick time with pause, one
(6) _ ’
SENT Frame Period (Fast) Ttrame 480 495 s il [0 7 (B = Y
Number of angles per frame  Nangrram 1 2 2 set by TWO_ANGLES_FRAME

parameter

7.3. Timing Definitions

7.3.1. Startup Time

SENT startup time consists of two values. The first one, T;,i;, is the time needed for the circuit to be ready
to start acquiring an angle. At that time, the IC starts transmitting initialisation frames. The second value,
Tstup, is the time when the first valid angle is transmitted.

VDDilar\H L
Supply Voltage
> Tinit .
< >
T
o stup -
< »
SENT output High-Z Null Frame X Null Frame X Null Frame X Valid Angle | Valid Angle
‘ Tstup3 -
<« >
P, TstupZ -
< >
g Tstupl [
< »
Output First Sync
PWM output Ready \Pu/se ’ \
, High-Z (no drive) . P First Valid Angle
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In PWM mode, startup is defined by three values, Tqp1.3- The first value is reached when the output is
ready and starts to drive a voltage. The second value T, is the start of the first value angle transmission
and the third one T3 the moment the first angle has been transmitted.

7.3.2. Latency (average)

Latency is the average lag between the movement of the detected object (magnet) and the response of
the sensor output. This value is representative of the time constant of the system for regulation
calculations.

rotation@10 Hz
angie (== 360 deg/100ms)
Bmagnet(t]
time
t_latency
. Average Iatencyj

7.3.3. Step Response (worst case)

Step response is defined as the delay between a change of position of the magnet and the 100% settling
time of the sensor output with full angle accuracy with regards to filtering. Worst case is happening when
the movement of the magnet occurs just after a measurement sequence has begun. Step response
therefore consists of the sum of:

Omag measseq, the delay between magnetic change and start of next measurement sequence
Tmeasseqs the measurement sequence length
Omeasseq framestart, the delay between end of measurement sequence and start of next frame

Tframe, the frame length

Worst case happens when 8mag measseq = Tmeasseq » therefore this gives:

TwcStep = 2TmeasSeq + SmeasSeq,frameStart + Tframe
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Magnetic step
(input change)

Simag,measseq Tmeasseq Smag,measseq Ttrame

iCompIete response

Output response toi partial response A1 ®-=
the magnetic step | N -!

____-E___ __________ E E q
Measurement : nd of SENT/PWM Frame _

sequence . b '
e L I T T
pause ,

Step Response

PWM

-

fig. 7 - Step Response Definition

7.4. SENT timing specifications

7.4.1. MLX90372 ACE/ADE SENT Timing Specifications

For the SENT configurations, specifications are valid under the corresponding minimum and typical
conditions defined in Table 14.

S T Y

1.5us = Fast SENT
Tick time 1.5 3 6 us  3us = Normal SENT (default)
6us = Slow SENT

SENT startup time (up to

} Tinit - 2.95 3.10 ms  Until initialisation frame start
first sync pulse)
SENT edge rise Time 4.5 6.2 7.5 MS  for SENT_SEL_SR_RISE/FALL = 4
SENT edge fall Time 39 4.8 52 ps (see11.1.6)
791 Extended sequence (40 frames )
Slow Message cycle length ms
475 Short sequence (24 frames )

Table 15 - SENT General Timing Specifications
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S T Y

For SENT with pause (synchronous), 3us tick time, 2 angles per SENT frame

SENT startup time Tstup 6.48 6.60 - ms  Until first valid angle received
1.73 1.77 Filter = 1 (FIR11)

Average Latency Tiatey - ms ) ()
2.19 2.25 Filter = 2 (FIR1111)

Step Response (worst T 2.98 3.12 ) s Filter = 1 (FIR11)

case) WP 391 4.08 Filter = 2 (FIR1111)

For SENT with pause (synchronous), 3us tick time, 1 angle per SENT frame

SENT startup time Tstup 6.99 6.48 - ms  Until first valid angle received
Average Latency Tiatey 1.33 1.54 - ms  Filter = 0 (no filter)
Step Response (worst Twesep  2.32 260 - ms  Filter = 0 (no filter)
case)
For SENT with pause (synchronous), 1.5pus tick time, 1 angle per SENT frame
SENT startup time Tstup 6.12 6.23 - ms  Until first valid angle received
0.98 1.05 Filter = 0 (no filter)
Average Latency Tiatey 1.15 1.21 - ms  Filter =1 (FIR11)
131  1.37 Filter = 2 (FIR1111) ®
1.58 1.63 Filter = 0 (no filter)
Step Response (worst Twesep  1.89  1.95 ; ms  Filter = 1 (FIR11)
case)
220 2.27 Filter = 2 (FIR1111) ®

Table 16 - Synchronous SENT Mode Timing Specifications

o | | o | Lt | omion

For SENT without pause (asynchronous), 3ps tick time®

. 6.25 6.39 6.51 Until first valid angle received
SENT startup time Tstup ms )
6.42 6.56 6.68 with SENT_INIT_GM =1
1.40 1.40 Filter = 0 (no filter)
Average Latency" Uiy 1.67 1.70 - ms  Filter =1 (FIR11)
220 2.29 Filter = 2 (FIR1111) ®
2.41 2.72 Filter = 0 (no filter)
i;iZ)ResF’onse (worst Tweseo - 294 332 ms Filter = 1 (FIR11)
4.00 450 Filter = 2 (FIR1111) ®

8 See section 13.4 for details concerning Filter parameter

In asynchronous mode, the latency is defined as an average delay with regards to all possible variations. For worst case, refer
to step response (worst case) values
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O T ) T

For SENT without pause (asynchronous), 1.5ps tick time'

SENT startup time Tstup 6.42 6.50 6.56 ms  Until first valid angle received
0.91 0.91 Filter = 0 (no filter)
Average Latency"” Ty 117 1.21 - ms  Filter = 1 (FIR11)
1.70  1.80 Filter = 2 (FIR1111) ®
1.76 1.94 Filter = 0 (no filter)
i;iZ)Res"onse (worst Twstes - 229 254 ms Filter =1 (FIR11)
334 3.72 Filter = 2 (FIR1111) ®

Table 17 - Asynchronous SENT Mode Timing Specifications

7.4.2. MLX90372 ACC Default SENT Timing specifications

MLX90372 ACC versions come with the following typical default programming that differs from ACE/ADE
version (see chapter 12, item no 134, T_FRAME).

symea | win—| Typ Lo | unt | conaion

SENT Frame Tick Count N i 366 i ticks For tick time of 3us (Normal
(Normal SENT) Tframe SENT) and two angles per frame

Table 18 - Default ACC Synchronous SENT frame length

For this typical value, the timing performances are described in the next table (Table 19 - Synchronous
SENT mode ACC default timing specificationsTable 19). ACC has the same timing capabilities than the ACE
and can be programmed in a similar way. When the ACC default programming is changed to match the
one of ACE/ADE, timing performances are equivalent. For timing performances not described in this
section, refer to the Table 14 and section 7.4.1.

S I K

For SENT with pause (synchronous), 3us tick time, 2 angles per SENT frame

SENT startup time Tstup - 7.18 - ms  Until first valid angle received
1.79 Filter = 1 (FIR11)
Average Latency Tiatey - - ms . (10)
2.33 Filter = 2 (FIR1111)
Step Response (worst 3.28 Filter = 1 (FIR11)
TwcStep - - ms . (8)
case) 4.38 Filter = 2 (FIR1111)

For SENT with pause (synchronous), 3ps tick time, 1 angle per SENT frame''"

% see section 13.4 for details concerning Filter parameter

1 Need experimental/formal confirmation, data based on simulation
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2 T T e N

SENT startup time Tstup 6.60 Until first valid angle received
Average Latency Tiatey - 1.49 - ms  Filter = 0 (no filter)

Step Response (worst

case) Tucstep - 2.61 ms  Filter = 0 (no filter)

Table 19 - Synchronous SENT mode ACC default timing specifications

7.5. PWM timing specifications

For the parameters in below table, maximum timings correspond to minimal frequency and vice versa.

e I e T e

PWM Frequency Fowm 100 1000 2000 Hz

PWM Frequency Initial o g .

Tolerances AFpwmo 1.5 1.5 %Fpwm T=35°C, can be trimmed at EOL
PWM Frequency Thermal AFunis 90 20 %Foum

Drift ’

PWM Frequency Drift AFpwm -5.0 50 %Fpwym Over temperature and lifetime
PWM startup Time (up to s 6.60 ms

output ready)

PWM startup Time (up to

stu '1 . 1 . stu
first sync. Edge) Tstupz 7.10  7.60 6.6 ms  Tsupr + Tewm

PWM startup Time (up to

* (12)
Tt received) Tstup3 7.60 8.60 26.6 ms Tstupl +2 Tewm

Rise Time PWM 1.0 48 12.0 us typ. for SENT_SEL_SR_RISE/FALL
=4 (see 11.1.6). Measured
Fall Time PWM 1.0 4.8 12.0 Us between 1.1V and 3.8V

Table 20 - PWM timing specifications

12 First frame transmitted has no synchronization edge; therefore the second frame transmitted is the first complete one.
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8. Magnetic Field Specifications

Magnetic field specifications are valid for temperature range [-40; 160] °C unless otherwise noted.

8.1. Rotary Stray-field Immune Mode - Low Field Variant (-100 code)

e N T T T

Number of magnetic poles Np 4!
Magnetic Flux Density in X- B, B, 55015) mT VBE + B}
Y plane ’ (this is not the useful signal)
Magnetic Flux Density in Z B, 100 mT (this is not the useful signal)
Magnetic in-plane gradient AB mT EJ aBx _ dBy)? + (4Bx 4 4By 2
of in-plane field component AXX; 3.8 10 (dX dY) ( a dX)

mim this is the useful signal (see fig. 8)
Magnet Temperature ppm

.. TC -2400 0

Coefficient " °C

mT . . .
Field Strength Resolution®™ 2B 0075 0100 o0.125 T Masgneticfield gradient norm

AXY mm LSB (12bits data)
(18) mT Typ is recommended value to be

: (17)
Field too Low Threshold Bri_tow 0.8 1.2 — set by user (see 13.5.4)

mT
Field too High Threshold™”  Brywen 70 100%% 102"  ——
mm
i DIAG_
Field (tlc;)o low Threshold L 3 LSB decimal value
code THRES
i i DIAG_
Field '(tf;;) high Threshold FIELDTOOHIGH 250 LSB decimal value
code THRES

Table 21 - Magnetic specification for rotary stray-field immune- low field variant

Nominal performances apply when the useful signal ABy,/AXY is above the typical specified limit. Under
this value, limited performances apply. See 8.1 for accuracy specifications. Stray-field immunity is tested
according to ISO 11452-8:2015.

® Due to 4 poles magnet usage, maximum angle measurement range is limited to 180°

™ The condition must be fulfilled for all combinations of By and B,.

> Above this limit, the IMC® starts to saturate, yielding to an increase of the linearity error.

° Only valid with default MAGNET_SREL_T[1..7] configuration

v Typ. value is set by default for NVRAM rev.9 and shall be set by user for rev.8 (see Table 49, USER_ID3 and 13.5.4)

" Higher values of Field too Low threshold are not recommended by Melexis and shall only been set in accordance with the
magnetic design and taking a sufficient safety margin to prevent false positive.

 Due to the saturation effect of the IMC, the FieldTooHigh monitor detects only defects in the sensor
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A
o

o

Limited
Performances

Temperature (°C)

Nominal

Performances

Typical magnet
characteristics

3.8 5.7

10

AB,,
AXY

(o)

Melexis

fig. 8 - Minimum useful signal definition for rotary stray-field immune application-low field variant

8.2. Rotary Stray-field Immune Mode - High Field Variant (-500 code)

e T T T T

Number of magnetic poles

Magnetic Flux Density in X-
Y plane

Magnetic Flux Density in Z

Magnetic in-plane gradient
of in-plane field component

Magnet Temperature
Coefficient

Field Strength Resolution™®

Field too Low Threshold*”

Field too High Threshold™"”

Field too low Threshold
code V"

Field too high Threshold
code 7

Np 41

By, By ™"

Bz

BBy 8.25

AXY

TCh

AB

XX 0.075 0.100
AXY

Brh_Low 1.2 2
Briwen 80 100"
DIAG_

FIELDTOOLOW 5
THRES

DIAG_

FIELDTOOHIGH 250

THRES

671

100

mT

mT

LSB

LSB

(this is not the useful signal)

(this is not the useful signal)

1 (dﬂ_dﬂ)z + (‘“’J.ﬂﬂ)z
2 ax ay ay ax

this is the useful signal.

Magnetic field gradient norm
(12bits data)

Typ is recommended value to
be set by user (see 13.5.4)

decimal value

decimal value

Table 22 - Magnetic specification for rotary stray-field immune

See 8.2 for accuracy specifications. Stray-field immunity is tested according to ISO 11452-8:2015.
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8.3. Linear Stray-field Immune Mode (-200 code)

S N K K R

Number of magnetic poles Linear movement
Magnetic Flux Density in X By 801 mT By £20mT
Magnetic Flux Density in X-Y By, By"*" 70" mT  /BZ+BZ, B,>20mT
Magnetic Flux Density in Z B, 100 mT
Magnetic gradient of X-Z ABy, 3 62 mT (ﬂ)z ( 1 Aﬂ)z(n)
field components AX mm AX Gime AX
Distance between the two AX 191 see chapter 18 for magnetic
IMC® ) center definitions
IMC gain Gimc 1.19 see Y
Magnet Temperature ppm
. . TC -2400 0
Coefficient " °C
Field Strength Resolution® ABxz 07 O3 o6 | MEgiEieiEE grehns nern
AX mm LSB expressed in 12bits words

. 17) (25) mT Typ is recommended value to be

Field too Low Threshold Bru_Low 0.2 1.2 —— et by user (see 13.5.4)
mT
Field too High Threshold™” Bire ey 35 50 51 -
mm

i DIAG_
Field ;clc;)o low Threshold L 6 LSB decimal value
code THRES

i i DIAG_
s (tlc;)o high Threshold FIELDTOOHIGH 250 LSB decimal value
code THRES

Table 23 - Magnetic specifications for linear stray-field application

Nominal performances apply when the useful signal ABxz/Ax and temperature ranges are inside the
values defined in the following figure (fig. 9). At higher temperature or lower field gradients, the accuracy
of MLX90372 is degraded and Limited Performances, described in section 9.4.2, apply. Stray-field
immunity is tested according to 1SO 11452-8:2015.

2 Above 80 mT, with By field in the mentioned limits, the IMC® starts saturating yielding to an increase of the linearity error.
! The condition must be fulfilled for all combinations of B, and B,.

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

% Below 6 mT/mm, the performances are degraded due to a reduction of the signal-to-noise ratio, signal-to-offset ratio.

* IMC has better performance for concentrating in-plane (x-y) field components, resulting in a better magnetic sensitivity. A
correction factor, called IMC gain has to be applied to the z field component to account for this difference.

> Higher values of Field too Low threshold are not recommended by Melexis and shall only been set in accordance with the
magnetic design and taking a sufficient safety margin to prevent false positive.

REVISION 7 - March 23, 2018 Page 25 of 83
3901090372



	Contact us

