MLX90382

16-Bit Triaxis® High Speed Position Sensor IC
Datasheet

1.1 Features and benefits

Absolute Angle Position and Speed Tracking

up to 200,000 rpm

On-Chip Signal Processing with Latency Com-

pensation for High-Speed operation and Ac-

curate Absolute Positions Sensing

On-Chip Self-Calibration for End of Line and

In-Operation

5V and 3.3 V supply compatible

Triaxis® Hall Technology

Programmable Linear Transfer Characteristic

with up to 16 points

Compliant to ASIL-B

Dual-Die capable for ASIL-D concepts

AEC-Q100 qualified (Grade 0) [1]

Output modes:

= SPI/SSI/PWM

= Single-ended and differential ABI/UVW

= Synchronized readout of multiple devices
via SPI

Packages RoHS compliant

Single-Die - QFN-24

Dual-Die - TSSOP-16/ TSSOP-16_EP

360° Stray Field Immunity up to 4 kA/m

1.2 Application examples

Absolute Rotary Position Sensor
Incremental Rotary Position Sensor
High Speed Encoder

= Automotive

= Robotics

= E-Mobility

= Industrial Motors

E-Steering Motor Position Sensor
E-Braking Motor Position Sensor

Revision 1.0 17-Nov-2025
3901090382

Melexis

INNOVATION WITH HEART

1.3 Description

The MLX90382 is a monolithic magnetic position
sensor IC that integrates a Triaxis® Hall magnetic
front end, an analog-to-digital converter, digital
hardware for high-speed signal processing and
conditioning, as well as several output drivers.

The MLX90382 is sensitive to three components of
the magnetic flux density applied to the IC (i.e. Bx,
By, and Bz) and a differential magnetic field in the
Z-axis. By programming the sensor, the user can se-
lect which axis pair will be used to determine an
angle. This flexibility, combined with the appropri-
ate magnetic design, allows the MLX90382 to cal-
culate both the absolute and incremental position
of any rotating magnet.

MLX90382 devices are factory-trimmed for imme-
diate use. For tighter accuracy, end-of-line calibra-
tion includes multi-point linearization and self-cal-
ibration. In-Operation drift tracking maintains
high-speed angle accuracy over assembly toler-
ances, temperature, and aging.

MLX90382 offers five output modes: 1) an indus-
try-standard single-ended and differential ABI in-
terface for incremental angular output, 2) a single-
ended and differential UVW signal emulation for
BLDC motors, 3) a PWM interface, and 4-5) SPl and
SSI interfaces with configurable content that sup-
port functional safety requirements. Additionally,
the SPI protocol includes a multi-slave synchro-
nized readout capability.

Page 1 of 74



MLX90382

16-Bit Triaxis® High Speed Position Sensor IC

Datasheet

Melexis "

INNOVATION WITH HEART

2 Ordering information

. Temperature . . .
Ordering Code range (°C) Package Magnetic Configuration
MLX90382LLW-BAA-000-RE -40 to 150 QFN-24 Single Reel | Rotary Mode (mid-field)
MLX90382LLW-BAA-100-RE -40 to 150 QFN-24 Single Reel | Rotary Mode (high-field)
MLX90382LLW-BAA-600-RE = -40 to 150 QFN-24 | Single = Reel Sty Fieldimmune Ro-

tary Mode
TSSOP- A
MLX90382LGO-BAA-000-RE -40 to 150 16 EP Dual Reel | Rotary Mode (mid-field)
TSSOP- iy
MLX90382LGO-BAA-100-RE -40 to 150 16 EP Dual Reel | Rotary Mode (high-field)
MLX90382LGO-BAA-602-RE  -40t0150  TSSOP-16 = Dual | Reel = uray Fieldimmune Ro-
tary Mode

Table 1: MLX90382 Ordering Codes

MLX90382Lxx-BAA-x00-RE

Packing delivery form
Option code
Silicon version

Package code

Temperature code

VVVV\l

Temperature Code:
Package Code:

Silicon version

Option Code - Magnetic
Configuration

Option Code - Package
Configuration

Packing Form:
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Product name

L:-40 °Cto 150 °C

LW: QFN-24 package (Single-Die)

GO: TSSOP-16 (Dual-Die) and TSSOP-16_EP package (Dual-Die)
BAA-100: Silicon version

BAA: MLX90382BA production version

BAA-100: Magnetic Configuration

0: Rotary Mode for mid-field magnetic range

1: Rotary Mode for high-field magnetic range

6: 360 deg Stray Field Immune Rotary Mode
BAA-002: Package Configuration

0: Package with exposed pad

2: Package without exposed pad
RE: Tape & Reel

5000 pcs/reel for (Single-Die), LW package code

4500 pcs/reel for (Dual-Die), GO package code
Table 2: Ordering Codes Information
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4.1 Block diagram
4.1.1 MLX90382 QFN-24 (Single-Die)

VDD vDD3V3
Digital "
System Control 2 NVRAM
§
Supply Protection Analog Regulator Digital Regulator i
upey : § Regu | '8! i | Diagnostics | :>, | Shadow Register v m Vss
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B3 nu
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riaxis g ADC Gain and Offset tracking & 2
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Control E
MOSI

4.1.2 MLX90382 TSSOP-16 / TSSOP-16_EP (Dual-Die)

The isolation resistance between the two dies is specified in Section 5.3.
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4.2 Pin description
4.2.1 Pin description for QFN-24 package

For optimal EMC and ESD behaviour, connect the unused pins to VSS. CS is the exception and should be tied
to VDD when unused.

Pins CS and SCLK include internal pull-up resistors. If one of these pins is unused, disable their internal pull-
ups to avoid additional current consumption (see Section 8.1.1).

The output driver mode of unused output pins must be set to “Hi-Z”. See Section 8.1.2.

The pin function options (the different modes in which the interface can be configured via programming) are
described in Section 8.1.4.

Name (1) 1/O (2 Mode (configurable by programming)
1 N.C.
Pin for decoupling capacitor for 5 V configuration
2 vDD3V3 S i )
To be shorted to VDD for 3.3 V configuration
3.7 N.C.
8 Iw 0 ABI: | UvVW: W ABI: | UVW: W ABI: | Uvw: W
9 BV (0] ABI: B UvVW: Vv ABI: B UVW: V ABI: B UVW: V
10 AU 0 ABI: A UVW: U ABI: A Uvw: U ABI: A Uvw: U
11..16 N.C.
Supply for 5V
17 | VDD s PPY o
To be shorted to VDD3V3 for 3.3 V configuration
18 N.C.
19 GPIO 0 SPI: MISO SSI: DATA PWM
20 CS | SPI: Active low SPI chip select
21 AU_N 0 Hi-Z ABI: A_N UVW: U_N
22 SCLK 1/0 SPI: SCLK SSI: SCLK ABI: B_N UVW: V_N
23 MOSI 1/O SPIl: MOSI Hi-Z ABI: I_N UVW:W_N
24 VSS G Ground
Table 3: QFN-24 package pinout
Note:

(1): The postfix _N refers to logical inverted signals
(2): [S] Supply, [G] Ground, [l] Input, [O] Output
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4.2.2 Pin description for TSSOP-16 and TSSOP-16_EP package
For optimal EMC and ESD behaviour, connect the unused pins to VSS0/VSS1. CS0/1 are the exception and
should be tied to VDD when unused.

Pins CS0/1 and SCLKO/1 include internal pull-up resistors. If one of these pins is unused, disable their internal
pull-ups to avoid additional current consumption (see Section 8.1.1).

The output driver mode of unused output pins must be set to “Hi-Z”. See Section 8.1.2.

The pin function options (the different modes in which the interface can be configured via programming) are
described in Section 8.1.5.

Mode (configurable by programming)
Name

AO ‘ Al \ A2

Die 0 (Bottom die)

Supply for 5V

1 vVDDO S i .

To be shorted to VDD3V30 for 3.3 V configuration
2 GPIOO0 (0] SPI: MISO SSI: DATA PWM PWM
3 Cso | SPI: Active low SPI chip select
4 AUO (0] Hi-Z Hi-Z ABI: A UvVW: U
5 SCLKO 1/0 SPI: SCLK SSI: SCLK ABI: B Uvw: Vv
6 MOSIO 1/0 SPI: MOSI Hi-Z ABI: | UVW: W
7 VSSO G Ground

Pin for decoupling capacitor for 5 V configuration

8 | VDD3V30 S i ]
To be shorted to VDDO for 3.3 V configuration

Die 1 (Top die)

Supply for 5V

9 VDD1 S . .

To be shorted to VDD3V31 for 3.3 V configuration
10 GPIO1 0 SPI: MISO SSI: DATA PWM PWM
11 Cs1 | SPI: Active low SPI chip select
12 AU1 0 Hi-Z Hi-Z ABI: A Uvw: U
13 SCLK1 1/0 SPI: SCLK SSI: SCLK ABI: B UVW: V
14 MOSI1 1/0 SPI: MOSI Hi-Z ABI: | Uvw: W
15 VSS1 G Ground

Pin for decoupling capacitor for 5 V configuration

To be shorted to VDD1 for 3.3 V configuration
Table 4: TSSOP-16 and TSSOP-16_EP package pinout

16 1 vDD3V31 | S

Note:
(1): [S] Supply, [G] Ground, [I] Input, [O] Output
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5.1 Absolute maximum ratings

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

Supply Voltage at VDD Pin Voo -0.3 6.2 Vv
Supply Voltage at VDD3V3 Pin Voo -0.3 4.0 Vv
I/O Pin Voltage Vein -0.3 Vpp+0.3 \Y

All pins, except package
ESD CDM Robustness Veom -500 500 Vv corner pins, according to
JEDEC JS-002
Package corner pins, ac-

750 750 v cording to JEDEC JS-002

ESD HBM Robustness Vhsm -2.0 2.0 kv

Die to Die Voltage Vsso-ss1 -12.0 12.0 \ VSSO to VSS1

Operating Temperature Tams -40.0 150.0 °C

Junction Temperature T +175 °C

Storage Temperature Tst -55 +170 °C

Magnetic Flux Density Bmax -1 1 T

NVRAM erase/write cycles 100,000 | Cycles @ At25°C

5.2 Electrical operating conditions and specifications

5.2.1 3.3V operating mode supply

Unless otherwise specified, the electrical specifications are valid for a temperature range of [-40, 150] °C and
specified nominal supply voltage ranges.

Supply Voltage Voo 33 Vv Pin VDD and VDD3V3 shorted
-5 +5 % Vop
Supply Current Ipo 10.0 mA IMC, excluding output I/F

Stray Field Immune mode, ex-

11. A .
0 m cluding output I/F
Under Voltage Detec- .
tion Level On VUVD_LH_3V3 2.7 2.825 2.95 \Y Supply voItage VDD falllng
Under Voltage Detec- .
tion Level OFf Vuvp_HL_3v3 2.75 | 2.875 3.0 Vv Supply voltage Vpp rising
Qnder VoItagfa detec- Vovo et svs | 0.02 0.05 015 Y
tion Hysteresis
Over Voltage Detection .
Level On & Vovp_LH_3v3 3.6 3.75 3.9 Vv Supply voltage Vpp rising
Over Voltage Detection .
o of & Vowo . svs @ 3.50 @ 3.65 @ 3.8 V| Supply voltage Voo falling
D .
Over VoI'Fage etection Vovo st svs | 0.05 01 0.20 v
Hysteresis
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Vovp_Hyst_3v3

—» f-—
Overvoltage detection
r 3
VovanL73v3 VOVDiLH73V3
VUVD_Hyst_3V3
— -
r 3
VUVDiLH73V3 v VUVDiHLj"V3 .
Undervoltage detection
225 25 2.75 3.0 3.25 3.50 3.75 4.0 4.25

Voo [V]

5.2.2 5V operating mode supply

Unless otherwise specified, the electrical specifications are valid for a temperature range of [-40, 150] °C and
specified nominal supply voltage ranges.

Supply Voltage Voo 5.0 Vv
-10 +10 % VDD
Supply Current Iop 10.0 mA | IMC, excluding output I/F
11.0 mA Stray Field Immune mode, ex-

cluding output I/F

Under Voltage Detection

Vuvp_HL_ 5V 41 | 425 4.4 \Y Supply voltage Vpp rising

Level Off

Under Voltage Detection .
Level On & Voo insv | 3.85 | 4.0 | 4.15 Vv Supply voltage Vpp falling
Under V(?Itage Detection Vovo,_ st sv 01 025 04 Vv

Hysteresis

Over Voltage Detection
Level Off

Over Voltage Detection
Level On

Over Voltage Detection
Hysteresis

Revision 1.0 17-Nov-2025
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Vovp_HL 5V 5.5
Vovp_LH 5V 5.75

Vovp_Hyst sv | 0.1

5.65

5.9

0.25

5.80

6.2

0.4

Supply voltage Vpp falling

Supply voltage Vpp rising
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Vovo_Hyst_sv

— f-—
Overvoltage detection
A
VOVD_H L5V v VOVDﬁL H_5V
VUVD_Hyst_S
— |—

A

Vyvo_tH_sv v Vuvo_HL sv .
Undervoltage detection
375 4.0 4.25 45 475 5.0 5.25 55 5.75 6.0 6.25
Voo [V]

Figure 5: Over- and under voltage signal detection logic for typical cond. in VDD 5V mode

5.3 Isolation specification

The specified isolation resistance is only valid for the TSSOP-16 and TSSOP-16_EP package (code GO).

Unless otherwise specified, the electrical specifications are valid for a temperature range of [-40, 150] °C and
specified nominal supply voltage ranges

Parameter Symbol \ Min. \ Typ. ] Max. Unit Condition
Between dies, measured be-
Di Die 1 i !
le 0 to Die 1 Isolation lso 30 WA | tween VSSOand VSS1 with +/-12
Leakage Current V bias

Table 8: Electrical isolation specifications for TSSOP-16 and TSSOP-16_EP

5.4 Dynamic operating specifications and conditions

Unless otherwise specified, the electrical specifications are valid for a temperature range of [-40, 150] °C and
specified nominal supply voltage ranges.

Parameter ‘ Symbol Min. Typ. ‘ Max. Unit Condition

Rotational Speed (electrical) Vel -200 200 krpm

Rotational Acceleration Dynamic behaviour see
(electrical) 3l -10000 st | ey Section 6.5.

Table 9: Angle operating specifications and conditions
5.5 Timing specifications

5.5.1 General timing specifications

Unless otherwise specified, the electrical specifications are valid for a temperature range of [-40, 150] °C, spec-
ified nominal supply voltage and supply voltage rise time from 0V to 3.3V or5Vin 100 ps.

Parameter
Main Clock Frequency freo 20.0 MHz | Trimmed. Including thermal

-5 5 % freco | and lifetime drift.
Trimmed. Including thermal
and lifetime drift.

Fault Handling Time Interval FHTI 1.0 ms See Section 7

Adaptive loop filter enabled

(see Section 6.5)
Table 10: General timing specifications

Application Clock Frequency fac freo MHz

System Start-up Time Tstart 1.6 ms
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5.5.2 Signal processing timing specification

Unless otherwise specified, the electrical specifications are valid for a temperature range of [-40, 150] °C and
specified nominal supply voltage ranges.

With delay compensation, excluding
output interface. DSP_DRIFT_DIS = 0.
No delay compensation, excluding out-
put interface. DSP_DRIFT _DIS = 1.

Processing Delay Tp -333.0 333.0 | ns

6.0 us

5.6 Magnetic field specifications
5.6.1 Clarifications

For Rotary mode variants (option codes -000 and -100), the angle is calculated from magnetic flux density.

For Stray Field Immune devices, the angle is calculated from magnetic flux density gradient. The amplitude of
the differential signal is directly dependent on the Hall Plate Spacing.

To convert magnetic a flux density gradient (in Stray Field Immune rotary mode devices) to magnetic flux
density in Z direction, following relation can be used:
B AB, p
= " 2
2= axy HE/
. LA . . . .
where: Bzrepresents to magnetic flux density, A% represents magnetic flux density gradient and duzis the Hall

Plate Spacing. For example, a magnetic flux density gradient of 30 mT/mm corresponds to a magnetic flux
density of 23.3 mT, with a Hall Plate Spacing of 1.554 mm.

5.6.2 Rotary mode - mid-field variant (option code -000)

Unless otherwise specified, the magnetic field specifications are valid for a temperature range of [-40, 150] °C
and specified nominal supply voltage ranges.

Number of Magnetic Poles Np 2
/sz + By2 (x-y mode)
Magnetic Flux Density Norm 2
B 10 mT 2 1 g
(Medium Field IMC) NORM \/ B," + (G,MC B,) (x-zmode)

Gimc
Magnetic Flux Density in X-Y 5 5
Bx, By 70 mT B.,“+B
plane y
Magnetic Flux Density in Z
) . Bz 130 mT
direction
IMC Gain coefficient Gimc 1.15
Revision 1.0 17-Nov-2025 Page 12 of 74
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5.6.3 Rotary mode - high-field variant (option code -100)

Unless otherwise specified, the magnetic field specifications are valid for a temperature range of [-40, 150] °C
and specified nominal supply voltage ranges.

Parameter ] Symbol  Min. ] Typ. Max. ] Unit ] Condition
Number of Magnetic Poles Np 2
/sz + By2 (x-y mode)
Magnetic  Flux  Density % 1 2
(high-field IMC) Browa | 40 il \/Bx + (GIMC BZ) (x-z mode)
1 2

JByZ + (Gmc BZ) (y-z mode)
Magnetic Flux Density in X- 2 2
Y plane Bx, By 120 mT Bx + By
I\{Iagnfetlc Flux Density in Z B, 200 mT
direction
IMC Gain coefficient Gimc 0.53

Table 13: Magnetic field specification for rotary mode high-field variant (Option Code -100)

5.6.4 Stray Field Immune rotary mode (dBz) (option code -60x)

Unless otherwise specified, the magnetic field specifications are valid for a temperature range of [-40, 150] °C
and specified nominal supply voltage ranges.

Parameter Symbol ’ Min.  Typ. ‘ Max. Unit ‘ Condition
Number of Magnetic Poles Np 2
: - i T
Magnetlc Flux Density Gra AB; 10 128 m 4Bz mode
dient AXY mm
I\{Iagngtm Flux Density in Z B, 77 100 mT
direction
Hall Plate Spacing (see de-
tails in section 10.1.1.3 and duE 1.554 mm
10.1.3.3)

Revision 1.0 17-Nov-2025
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Table 14: Magnetic field specification for Stray Field Inmune rotary mode (Option Code -60x)
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5.7 Angular accuracy specifications

5.7.1 Performance conditions

The MLX90382 accuracy specifications are defined for two different ranges of performance conditions, nomi-
nal (see Section 5.7.5) and limited (see Section 5.7.6) performance, which are defined by the ambient temper-
ature and the magnetic flux density/gradient range (see Figure 6).

T

150
125
(@) w
o 5 £
o e g Nominal
5 =
= ES Performance
o — C
g o
(S
(]
|_
-40 Rotary Mode Mid-Field
10 30 |8l (mT)
» Rotary Mode High-Field
40 60 |B| (mT)
» Stray-field Immune Rotary Mode
10 30 ABz/AXY (mT/mm)

5.7.2 Definitions

This section defines several parameters, which are used for the magnetic specifications.
5.7.2.1 Intrinsic linearity error

The Intrinsic linearity error LE accounts for various error sources within the IC, such as offset, sensitivity mis-
match and orthogonality error, assuming an ideal magnetic field. In cases of speed and acceleration, an addi-
tional dynamic angular offset (Bvei: p) to the Intrinsic Linearity Error is to be expected. When integrated into a
sensor module and its associated mechanical and magnetic tolerances, the overall output linearity error (INL-
integral nonlinearity) increases. The overall output linearity error can be reduced through 1/Q mismatch cali-
bration (see Section 6.6) and 16-Point Linearization (see Section 6.6.3). Consequently, once properly cali-
brated, this error is not the critical factor in most applications.

5.7.2.2 Total drift

After End of Line (EoL) calibration, variation due to temperature and ageing effects are referred to as the total
dr|ft OQTT:

007y = max{0(6;y,T,t) — 0(O;y, Trr, to)}

where 6,y represents the input angle, T is the operating temperature, Trr is the room temperature, and t is
the elapsed time since calibration. t, represents the start of the sensor’s operational life. Note that the total
drift 08,1 is always measured relative to the angle at room temperature. In this datasheet, Ty is typically
defined at 35 °C, unless stated otherwise. The total drift specification is valid for all angles.
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5.7.3 Performance optimization

The MLX90382 has internal mechanisms to optimize angular performance:

e An automatic bandwidth-adaptation loop tunes the angular-tracking filter in real time (see Section
6.5). When acceleration is low, the loop narrows the bandwidth to suppress noise and preserve high
angular resolution (up to 14 bits RMS), producing smooth angle feedback. When acceleration in-
creases, it opens the bandwidth as needed to follow fast motion without loss of accuracy.

e The MLX90382 contains a self-calibration function applicable to both end-of-line (EoL) calibration and
In-Operation drift compensation (see Section 6.6.3). When applied, it significantly lowers the assem-
bled sensor module’s overall output linearity error and maintains performance over its lifetime.

5.7.4 General performance

Unless otherwise specified, valid before EoL calibration and for all applications under the temperature range
of [-40, 150] °C.

Vel = 50 krpm, the value is
proportional to the occur-
ring processing delay.
eVeI,r_p =6 Tp Vel.

Dynamic Angular Offset Overr p -0.1 0.1 deg

Dynamic Eddy-Current related

Angular Error in presence of Bz- Bvel,£C,dyn 10.1 deg \g;; SLCI)-'grf‘)-lrll o
component _trC_

Note: The Dynamic Eddy-Current related Angular Error can scale due to different magnet alignments and con-
ductive material close to the sensor plane. It appears in general in presence of B-field component in Z-direc-
tion. The disturbance appears mainly as a second-harmonic component of the angular error. By tightening the
phase-tracking loop’s bandwidth, this disturbance can be smoothed, leaving a minor residual noise. (see Sec-
tion 6.5 for further details on bandwidth configuration).

5.7.5 Nominal performance

A homogeneous magnetic field is utilized to define magnetic performance specification. The performance may
decrease with other magnetic sources.

5.7.5.1 Rotary mode
Unless otherwise specified, all values are valid before EoL calibration and for all applications under following

nominal performance conditions: Temperature range [-40, 125] °C, ve < 50 krpm, Magnetic flux density
|B| =30 mT (IMC-mid-field) and |B| = 60 mT (IMC-high-field).
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XY —Intrinsic Linearity Error, IMC LE imcxy | -0.5 0.5 deg | SENSING_MODE =0
XZ — Intrinsic Linearity Error, IMC LE mcxz | -1.0 1.0 deg | SENSING_MODE =1
YZ — Intrinsic Linearity Error, IMC LE jmc vz | -1.0 1.0 deg | SENSING_MODE =2
ENSING_MODE =
XY — Total Drift, IMC 0017 xv -0.3 0.3 deg SENS G:,— 0 0
TRT S 35 C
XZ, YZ — Total Drift, IMC 06mr xz vz | -0.4 0.4 deg SENSING:,—MODE =1/2
-7 TRT: 35°C
Magnetic Hysteresis, IMC mid- OemH_imc_ Rotary Mode (mid-field
. 0.1 deg )
field ME variant)
Magnetic Hysteresis, IMC high- OemH_imc_ Rotary Mode (high-field
, 0.1 deg )
field HE variant)
Angular noise, RMS Osto 0.025 deg DSP _LFC HI=0
0.035 deg | DSP_LFC HI=3

5.7.5.2 Stray Field Immune rotary mode

Unless otherwise specified, all values are valid before EoL calibration and for all applications under the follow-
ing conditions: Temperature range [-40, 125] °C, ve < 50 krpm, Magnetic flux gradient ABz/AXY =30 mT/mm.

XY — Intrinsic Linearity Error, dBz | LE psz xv -0.7 0.7 deg | SENSING_MODE =0
XY — Total Drift, dBz 30m pezxy 0.6 06 | g | ST L=
TRT = 35 C

QFN-24: In accordance

with 1S011452-8:2015
Stray Field Immunity Osr -0.15 0.15 | deg | [2], at 30 °C with stray
field of 4 kA/m from any
direction
TSSOP-16: In
accordance with
1IS011452-8:2015 [2], at

025 0.25 | de8 | 350c with stray field of
4 kA/m from any direc-
tion
Angular noise, RMS Bsmo 0.025 deg | DSP_LFC HI=0
0.050 deg DSP_LFC_HI=3

5.7.6 Limited performance

A homogeneous magnetic field is utilized to define magnetic performance specification. The performance may
decrease with other magnetic sources.

5.7.6.1 Rotary mode

Unless otherwise specified, all values are valid before EoL calibration and for all applications under the follow-

ing conditions: Temperature range [-40, 150] °C, ve < 50 krpm, Magnetic flux |B| = 10 mT (IMC-mid-field) and
|B| =40 mT (IMC-high-field).
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Parameter

Min. \ Typ. ] Max. \ Unit

Condition

XY - Intrinsic Linearity Error, IMC LE imc_xv -1.0 1.0 deg | SENSING_MODE =0
XZ - Intrinsic Linearity Error, IMC LE imc xz -2.0 2.0 deg |« SENSING_MODE =1
YZ - Intrinsic Linearity Error, IMC LE imc vz -2.0 2.0 deg | SENSING_MODE =2
XY - Total Drift, IMC 0017_imc_xy -0.8 0.8 deg SENSING:,—MODE =0
TRT =35°C
XZ, YZ - Total Drift, IMC 060 mcxz vz | -0.8 0.8 deg SENSING:,—MODE =1/2
TRT =35°C
Magnetic Hysteresis, IMC mid- Rotary Mode (mid-field
. & ¥ BemH_iMc_viF 0.2 deg . i (
field variant)
Magnetic Hysteresis, IMC high- Rotary Mode (high-field
. eEMH_IMC_HF 0.2 deg .
field variant)
Angular noise, RMS Ostp 0.04 deg | DSP_LFC HI=0
0.10 deg | DSP_LFC HI=3

Table 18: Accuracy specifications for rotary mode at limited performance conditions

5.7.6.2 Stray Field Immune rotary mode

Unless otherwise specified, all values are valid before EoL calibration and for all applications under the following
conditions: Temperature range [-40, 150] °C, vel < 50 krpm, Magnetic flux gradient ABz/AXY > 10 mT/mm.

Parameter

XY - Intrinsic Linearity Error, dBz

Symbol ’

LE psz xv

Min.
-1.4

14

deg

Condition
SENSING_MODE =0

XY - Total Drift, dBz

007 pez Xxv

-1.0

1.0

deg

SENSING_MODE =0
TRT = 35 °C

Stray Field Immunity

eSF

-0.40

0.40

deg

QFN-24: In accordance
with 1SO011452- 8:2015
[2], at 30 °C with stray
field of 4 kA/m from any
direction

-0.70

0.70

deg

TSSOP-16: In accordance
with 1SO11452- 8:2015
[2], at 30 °C with stray
field of 4 kA/m from any
direction

Angular noise, RMS

eSTD

0.05

deg

DSP_LFC_HI=0

0.15

deg

DSP_LFC Hi =3

Table 19: Accuracy specification for Stray Field Immune mode at limited performance conditions
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6.1 System overview

The MLX90382 is a high-speed magnetic position sensor designed for absolute and incremental rotary position
sensing. The block diagrams are shown in Figure 2 and Figure 3. The primary signal processing blocks of the
position sensor consist of the Triaxis Hall elements, signal multiplexing and amplification, the Analog-To-Digital
Conversion (ADC), the Digital Signal Processing (DSP) and output interfaces providing the output signals.

The MLX90382 supports the following features:
e Automatic gain control.
e Factory trimmed magnetic compensations for offset and 1/Q gain mismatch over temperature in all
magnetic modes.
e On-chip self-calibration: supports end-of-line trimming and continuous In-Operation drift compensa-
tion for 1/Q gain and orthogonality mismatch.

e Computation for 16-bit angular position and 16-bit speed values with adjustable noise suppression or
step responses. This includes an adjustable filter bandwidth and overshoot in the angular domain,
ranging between 500 Hz to 100 kHz. An optional adaptive loop filter (ALF) optimizes the filter band-
width, balancing noise suppression and regulation offset (due to magnetic acceleration). The upper
and lower bandwidth limits are adjustable.

e Angular linearization using 16 equidistant correction points over 360 degrees, with linear interpola-
tion. The 16-Point Linearization can be calibrated at low speeds or in static conditions and functions
independently from the filter setting across the full-speed range.

e Processing delay compensation for both internal and external delays (adjustable) by compensation of
the speed-dependent angular offset. The signal processing timing specifications are listed in Table 11.

e Flexible signal conditioning for the 16-bit angular output, allowing:
Selection of input range (clamping),
Adjustment of angular offset,

o

o Definition of output range for transmission via SPI, SSI and PWM interfaces,
o Specification of a fault band value to indicate a fail-safe state.

6.2 Automatic gain control

The automatic gain control (AGC) controls the common amplifier stage of the analog | and Q signals to keep
the peak signal amplitude within 50% to 60% of the ADC full-scale range. The total available gain range is
between 10 dB and 29 dB and can be limited or fixed using the register AGC_GAIN_MIN[5:0] and
AGC_GAIN_MAX[5:0]. The current setting of the AGC can be read from AGC_GAIN/[5:0]. Gain limiting is effec-
tive for values from 0 to 47 LSB. If AGC_GAIN_MIN[5:0] or AGC_GAIN_MAX[5:0] is programmed to a value
above 47 LSB, the device internally treats it as 63 LSB.

6.3 Temperature sensing

The MLX90382 provides onboard temperature sensing, which can be read out via TEMP[11:0]. The physical
value is encoded as defined in the SENT standard, Section A.5.3.2, in the range [200.125 : 0.125 : 711] [K].

_ TEMP[11:0]

T[°C] + 200[K] — 273.15

6.4 Digital signal processing overview

After digitalization of the analog I/Q signals, they are conditioned by factory calibrated, temperature-depend-
ent offset compensation, as well as sensitivity and orthogonality correction. The customer can access inter-
mediate processing values via DSP registers (see Section 11.2). The signal processing chain is illustrated in
Figure 7. Compared to the output angle at the interface, these values have an internal update frequency of
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fac/26. The sensitivity, orthogonality and offset compensated 1/Q values can be read-out as averaged values
trough GC /[15:0] and GC_Q[15:0].
The averaging window used to calculate the mean GC_X is configured by DSP_GC_AVG[2:0] as follows:

GC X
oS Gcavemoy  DSPGCAVG[2:0] <7

GCX = GC X
— DSP_GC_AVG[2:0] = 7

When DSP_GC _AVG[2:0] > 0, the start of the averaging can be triggered by reading out GC_Q. The averaged
values can then be accessed via GC_/ and GC_Q after the waiting period of t,,,4, calculated as:

26
DSP_GC_AVG[2:0] - f—, DSP_GC_AVG[2:0] < 7
tavg =

ac
k 8- E DSP_GC_AVG[2:0] =7
fac

In addition, an optional on-chip self-calibration continuously adapts sensitivity, orthogonality, and offset dur-
ing normal operation and EoL calibration to suppress 2nd-harmonic residues and angle drift over temperature,
ageing, and mechanical tolerances. The angular phase and speed are tracked using a phase tracking loop,
which operates by monitoring an error signal derived from the I/Q signals. The integration time is configurable
to balance noise suppression and dynamic performance (refer to Section 6.5). The linearized phase can be
read from register LIN_PHASE[15:0], and the 16-bit speed value can be read via SPEED[15:0]. The phase track-
ing is followed by the compensation of internal processing delays. The delay-compensated values, accessible
through DRIFTC_PHASE[15:0], include an optional angular offset that can be applied via PHASE_OFS[15:0] for
zero-angle calibration. Signal conditioning allows the adaptation of the internal 16-bit angle value to the bit
width required by the output protocol. Before the angular value is provided as DSP_DATA to the output inter-
face, its update frequency is scaled up to f.c by linear interpolation.

Self
Calibration

¢ ¢ SPEED PHASE_OFS

A ) To output

) @ N I> > @ e ety £ el interface
Q Offset OSer;sinvitylg Phase Tracki > Compensation >t|7 § i Signal § > Linear >
— ] compensation 'go?rgellc::)r']t‘/ : ase Tracking . ! Conditioning § Interpolarion DSP DATA
A T T v \
GC I, GC_Q DRIFTC_PHASE SC_PHASE
va Phase Linearization

T 1 » LIN_PHASE

6.5 High-dynamic performance

The phase-tracking loop bandwidth can be adapted to match application-specific dynamic behaviour. Two
parameters control this behaviour: the loop filter constant (LFC) and the step-response overshoot (OS). To-
gether they define the trade-off between fast tracking of angle changes and noise suppression.

The registers DSP_LFC_LO[2:0] and DSP_LFC_HI[2:0] define the allowed range of LFC values used for automatic
bandwidth adaptation. Within this range, the device adjusts the effective loop bandwidth during operation
according to the measured angular acceleration. Narrower bandwidth improves noise filtering and but in-
creases the response time to fast angle changes. Wider bandwidth enables better tracking of rapid dynamics
but makes the output more sensitive to noise. Setting DSP_LFC LO[2:0] and DSP_LFC HI[2:0] to the same
value fixes the LFC and therefore disables automatic bandwidth adaptation.

The step-response overshoot is configured via DSP_SROS[1:0]. Lower overshoot settings provide a more
damped, monotonic response with minimal ringing, while higher overshoot settings yield a faster response at
the expense of transient overshoot in the angle output.
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The step response behaviour and the angular error due to acceleration at different LFC and OS values are
shown Figure 8 and Figure 9, using simulated results.

go.a ﬁ? 107
he — 0S=2,LFC=0 & 102 QS5=2, LFC=0
0.4 0S=2,LFC=1 05=2, LFC=1
— 0S=2LFC=2 10-2 05=2, LFC=2
—— 0S=2,LFC=3 Qs=2, LFC=3
02 —— 0S=2LFC=4 10-4 05=2, LFC=4
- —— 0S=2,LFC=5 05=2, LFC=5
0'016"; 10-3 104 10-3 102 10! 102 103 104
Time [s] Acceleration [krpm/s]
0 2.7
1 5.1
2 8.9
3 15.2
0 495 509 539 595
1 | 990 1020 | 1079 | 1193
2 1989 2049 2168 | 2396
3 4010 4132 4374 | 4835
4 8158 8410 8906 9852
5 16914 17450 18500 20498
6.6 Calibration and linearization
6.6.1 Impact of calibration and linearization on internal diagnostics

The phase tracking loop contains a safety monitor (DIAG_ALF) that observes the angular acceleration error in
the phase tracking loop (PLL) between the PLL feedback and the I/Q input signal. It provides a safeguard against
situations where excessive phase error builds up due to rapid changes in magnet speed or signal disturbances.
Non-linearities (INL) that cannot be calibrated or linearized out (or remain uncalibrated) introduce harmonic
content into the electrical angle. These harmonics appear to DIAG_ALF as periodic acceleration and can there-
fore trigger the monitor. Refer to the MLX90382 Application Note [6] and the MLX90382 Safety Manual [3] for
the correct configuration of DIAG_ALF_THD to prevent false-positive triggers during EoL calibration and in
operation.

6.6.2

The sensitivity and orthogonality between the I-channel and Q-channel are factory calibrated but can change
within the application. A common example is off-axis positioning of the IC with different field amplitudes in X-
Y and Z directions. The relative sensitivity and orthogonality between the I-channel and Q-channel can be
adjusted via S_QQ[15:0] and S_IQ[15:0], respectively, minimizing the angular error over a full electrical period

I/Q sensitivity and orthogonality calibration
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before applying the 16-Point Linearization. This correction is applied to the GC_I and GC_Q values (see Fig-
ure 7) during the sensitivity and orthogonality correction step as follows:

GG _[1 s_1@/2*] 1
GCQ]_[O S_QQ/le]*[Q]

6.6.3 Self-calibration

The MLX90382 provides an optional self-calibration method that measures and tracks relative sensitivity and
orthogonality of the 1/Q signals during motion. The tracked sensitivity can be read out via RMM_AS_QQ[15:0]
and the orthogonality via RMM_AS _1Q[15:0]. Self-calibration is enabled by setting DE_DSP_RMM][1:0] = 0.

The method can be applied to remove mismatch from the IC and due to mechanical misalignment. During EoL
calibration, device-specific trim values for relative sensitivity and orthogonality can be self-calibrated by the
IC and programmed to the NVRAM manually. During operation, the routine continuously tracks and corrects
residual drift of relative sensitivity and orthogonality. This significantly improves angle accuracy over temper-
ature, mechanical tolerances and lifetime.
Figure 10 shows an example of the angular error after start-up of the self-calibration routine with sensitivity
and orthogonality correction enabled, for an end of shaft scenario (1 mm lateral displacement, 1 deg tilt, Ne-
odym magnet: d =12 mm, h = 6 mm). The compensation of the 2nd harmonic in the angular signal converges
to its optimal result after several electrical rotations, leaving only a residual 1st harmonic. For the program-
ming procedure and recommended settings for all self-calibration related registers, refer to the MLX90382
Application Note [6]. The achievable accuracy depends on the magnet and mechanical tolerances.
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6.6.4 16-Point Linearization and zero position adjustment

The 16-Point Linearization feature allows compensation for angular deviations caused by asymmetries in the
sensor system, which includes the magnet and the sensor IC. The 8-bit signed equalization values (PEQ00[7:0]
to PEQ15[7:0]) define an angular error curve at angular sample points of 360/16 degrees * [00 .. 15]. All inter-
mediate values are linearly interpolated, as shown in Figure 11. After equalization, the residual error curve is
the difference between the input error curve and the interpolated equalization curve. The angular error curve
should be measured with quasi-static rotation.
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—— Angular error curve

The equalization strength versus resolution can be adjusted using PEQ_GAIN[2:0]. If PEQ_GAIN is set to 0, no
equalization is applied. For PEQ_GAIN[2:0] = [1..7], the error curve is adjusted per sample point as follows:

Ap(xx) = signed(PEQxx[7: 0]) * 2PEQ-GAIN[2:01-17 4 360 [deg.]

The signed equalization values PEQ0OO[7:0] to PEQ15([7:0] range from -127 to 127. Table 23 details the equali-
zation range and resolution for each sample point. In Figure 11, the adjustable range for the programmable
linearization is illustrated.

0 0 0

1 0.0055 0.70
2 0.011 1.40
3 0.022 2.79
4 0.044 5.58
5 0.088 11.16
6 0.176 22.32
7 0.352 44.65

Additionally, the angle of the magnet that results in a zero output value can be adjusted by setting the field
PHASE OFS[15:0]. This value is systematically added to the position value calculated by the phase tracking
loop.

6.7 Delay compensation

The speed signal provided by the phase tracking loop is used to compensate for phase errors caused by system
latency in case of angular speed. The compensation can be disabled by setting DSP_DRIFTC DIS = 1. Further-
more, the register DELAY CUS[7:0] can be used to compensate for additional delays, such as related to filter
networks in between the MLX90382 and the MCU, in steps of (26/64)/frco.

6.8 Signal conditioning

The signal conditioning function maps the 16-bit electrical angle to the desired output range used by SPI/SSI
or PWM. The input is the 16-bit measured angle value DRIFTC_PHASE (see Figure 7), after delay compensation
and phase offset adjustment. It is configured with four two’s-complement parameters: SC X1[15:0],
SC X2[15:0] (input stage) and SC_Y1[15:0], SC Y2[15:0] (output stage). Figure 12 shows the calculation steps
of the procedure.
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16-bit position value
@el, 2's-complement,
[0° .. <360°] electrical

Signal Conditioning

X Offset

Y Offset

-sc_x1l

16-bit position value @sc, range
[SC_Y1..SC_Y2]

——o0

SC_Yll

The input stage selects the angle range of interest by defining a window with SC X1 and SC_X2 and saturates
any measured angle outside [SC_X1 ... SC_X2]. There is no constraint on the ordering of SC_X1 and SC X2, so
the selected range may wrap across the zero point.

The output stage adds the offset SC_Y1 and limits the result to [min(SC_Y1, SC_Y2) ... max(SC_Y1, SC_Y2)]. If
SC X1 < SC X2 but SC Y1 > SC Y2, the transfer characteristic is inverted. Either stage can be bypassed by
setting its values to [0, 0] or to full scale [0, 2216-1]. Within the saturated region, the position of the transition
between SC Y1 and SC Y2 is shifted by SC HL[7:0], which specifies an offset from the window center
(SC_X1+SC_X2)/2 steps of 360°/28. The resolution of the angle after signal conditioning Ag,. can be calculated
with:

360 [lunwrap(SC_X2 — SC_X1)|
Apscldeg.] = 535+ max| L ——c > —crv1]

SC YE[15:0], defines a fault-band on the output. If the angular values fall inside this band, the device asserts
the fail-safe state SS3 (see the MLX90382 Safety Manual [3] ). Figure 14 illustrates an example with an unre-
stricted input range and a defined output range including a fault band.

SC_VE MRS o e e e e e e e GG T S e e e s e e

sCy2

sC_v1

—
-

PHASE_OFS
SC_X1

PHASE_OFS
+360°
SC_Xx2

SC_HL

Revision 1.0 17-Nov-2025
3901090382

Page 23 of 74



MLX90382 .
16-Bit Triaxis® High Speed Position Sensor IC Me I ex I S

Datasheet ON WITH HEART

According to 1S026262 [7]/IEC61508 [8], the MLX90382 achieves ASIL-B/SIL-2. This section provides a brief
overview. The technical safety concept is described in detail in the MLX90382 Safety Manuals [3] [4] [5].

7.1 Top technical safety requirement

The following top-technical safety requirement is covering the main-mission of the MLX90382. For further
details refer to the MLX90382 Safety Manual [3].

The MLX90382 shall detect faults leading to an angular error higher than
the angle error safety specification and, in case of fault detection, switch
into a fail-safe state within the specified FHTI time.

ASIL B

Angle error safety specification | £4°

Top Technical Safety Require-
ment MLX90382

The MLX90382 shall work under the operating conditions defined in the
Operating conditions datasheet (e.g. operating range, speed, temperature profile, magnetic con-
ditions, power-supply ...)

FHTI, max 1ms

SS2 or SS3 according to the programmed fault reporting modes (see Table
24)

e SPFM >90%
HW architectural metric targets e LFM>60%
® PMHF < 10 FIT (according to IEC/TR 62380)

Fail-Safe States

7.2 Safety mechanism overview

Built-in monitors in the MLX90382 cover the main IC domains and signal path. Supply monitors continuously
check the external VDD for over/undervoltage and the internal analog/digital supplies for over/undervoltage.
Wire-break on VDD/VSS is also detected. A temperature monitor compares die temperature against program-
mable thresholds. Magnetic signal amplitude is monitored by the AGC amplitude window and gain-clamping
diagnostics. ADC linearity and conversion are also monitored. Motion dynamics are monitored via a DSP speed
threshold, while adaptive loop-filter diagnostics trigger on tracking/phase errors. Digital robustness is covered
by NVRAM CRC/ECC and DSP process checks.

7.3 Fault Reporting

In case of random internal failure detection that violates the angle error safety specification, the MLX90382
transitions to one of its fail-safe states SS2 or SS3.

7.3.1 Fault categories

Two categories of faults are defined:

e Critical faults, that potentially interrupt the communication function (SS2 fail-safe state). They are
typically caused by failures in (1) the external or internal supply voltage and (2) the digital part or the
non-volatile memory.

e Non-critical faults, arising from the external environment and the analog sensing circuit, which poten-
tially corrupt or affect the accuracy of the calculated angle. Such faults lead to a warning information
in SPI(SSI) frames (SS3 fail-safe state). They are typically caused by failures in (1) the environment, (2)
the analogue sensing parts and (3) the digital signal processing circuits.
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Both types of faults can violate the top technical safety requirement. The fault reporting mode depends on
the kind of fault.

7.3.2 Reporting of critical faults (552)

Critical faults are immediately reported by setting the MLX90382 to fail-safe state SS2. When reaching fail-safe
state, any transmission is interrupted and all outputs except SPI output are set to high-impedance (tristate).
The SS2 fail-safe state allows a fix using the remaining working SPI communication.

7.3.3 Reporting of non-critical faults (SS3)

A non-critical fault leads to different possible fail-safe states, depending on the options programmed in the
NVRAM.

ABI/UVW Independent from ABI/UVW interface configuration | Hi-Z (like SS2)
SC _YE configured as:
SC_YE < min(SC_Y1, SC_Y2) or SC_YE > max(SC_Y1, Fault Band
PWM SC_Y2)
SC_YE configured as:
min(SC_Y1, SC_Y2) < SC_YE < max(SC_Y1, SC_Y2)
SC _YE configured as:

SC YE < min(SC Y1, SC Y2) or SC_YE > max(SC Y1, Inverted Frame Start Byte and
SC Y2) Fault Band

SPI_FRFSEN =1

SC _YE configured as:

min(SC_Y1, SC_Y2) < SC_YE < max(SC_Y1, SC_Y2) Hi-Z (like SS2)

SPI_FRFSEN =0

SC _YE configured as:

min(SC_Y1, SC_Y2) < SC_YE < max(SC_Y1, SC_Y2) Inverted Frame Start Byte

SPI_FRFSEN =1

SC_YE configured as:

SC_YE < min(SC_Y1, SC_Y2) or SC_YE > max(SC_Y1,

SC_Y2)

SPI_FRFSEN =0

SC_YE configured as:

SC_YE < min(SC_Y1, SC_Y2) or SC_YE > max(SC_Y1, Fault Band
SSI SC_Y2)

SC _YE configured as:

min(SC_Y1, SC_Y2) < SC_YE <max(SC_Y1, SC_Y2)

Hi-Z (like SS2)

SPI

Fault Band

Hi-Z (like SS2)
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8.1 1/0 architecture and interface selection

The interface stage features several input and output channels that can be selected by customers according
to Table 3: QFN-24 package pinout and Table 4: TSSOP-16 and TSSOP-16_EP package pinout.

8.1.1 Digital input channel

Each input channel contains an optional low-pass filter with cut-off frequency INPpe3qgs to further improve EMC
robustness. The filter can be individually enabled on CS, MOSI, and SCLK by setting PHY RC _EN[2:0]. The spec-
ifications for the input channels are listed in Table 25. The input channel includes internal pull-up resistors
Rint_cs and Rint_scik on pins CS and SCLK (see Table 25) to maintain stable logic levels. These pull-ups can be
disabled by setting PHY_CS_RPU_DIS = 1 and PHY_BV_RPU_DIS = 1.

Input Low Voltage Detec-
tion Level
Input High Voltage De-
tection Level
Input Hysteresis Level 18.0 | 25.0 | 42.0 | % Voo
Input Voltage Range 0 100 | % Voo
Input EMC Filter Cut-Off INPLorass 35 | 60 105  MHz Setting PHY _RC EN[2:0] to enable
Frequency EMC filter.
Internal pull-up resistor for input
pins:
(1) CS in QFN-24 and
Rint_cs 8.0 14.0  28.0 kQ (2) CSO/1 in TSSOP-16/ TSSOP-
16_EP.
The resistor can be disabled via
PHY_CS_RPU_DIS =1.
Internal pull-up resistor for input
pins:
(1) SCLK in QFN-24 and
RiNT_scik 8.0 14.0 28.0 kQ (2) SCLKO/1 in TSSOP-16/ TSSOP-
16_EP/
The resistor can be disabled via
PHY_CS_RPU_DIS = 1.

25.0 | 35.0 | 42.0 | % Voo

52.0 | 60.0 75.0 % Vop

Internal pull-up resistor
CS

Internal pull-up resistor
SCLK

8.1.2 Digital output channel

The output driver strength for all driver stages in 5 V supply mode is factory trimmed to limit the maximum
output current as specified in Table 26 and Table 27 for pin mapping. The driver strengths can be changed by
programming GPIO_CFG[2:0] and ABI_CFG[2:0], but must not exceed the factory trimmed value in 5V supply
mode. In 3.3 V mode, however, the maximum driver strength configuration is recommended.

3.3 V supply mode.
los,max 5.0 1 15.0 | 30.0 mA | GPIO_CFG[2:0] =7 and
ABI_CFG[2:0] =7.
5V supply mode. Factory trimmed
9.0 25.0 55.0 mA | settings for GPIO_CFG[2:0] and
ABI_CFG[2:0].

Maximum output short cir-
cuit current per channel
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NVRAM Field Pins (QFN-24) Pins (TSSOP-16 and TSSOP-16_EP)
GPIO_CFG GPIO GPIOx
AU, IW, BV
ABI_CFG (AU_N, SCLK and MOSI) for differential AUx, SCLKx, MOSIx
ABI/UVW

Table 27: Pin mapping for GPIO_CFG and ABI_CFG
The driver for the output pins can be configured in different modes listed in Table 28 via GPIO_CFG[4:3] and
ABI_CFG[4:3]. Each output pin voltage ranges from 0 V to VDD external supply. See Table 27 for the pin map-
ping.

GPIO_CFG[4:3]/ABI_CFG[4:3] Output Driver Mode

00 Hi-Z

01 Open drain p-MOS
10 Open drain n-MOS
11 Push-pull

Table 28 Output driver modes

8.1.3 Activation of SPI interface

If CS is set to low, the SPI communication is always activated without considering the interface selection in
GPIO_IF[1:0].

8.1.4 Interface selection for QFN-24

The interface function of the GPIO, AU_N, SCLK, MOSI and AU/BV/IW pins can be selected by setting
GPIO_IF[1:0], ABI_IF, ABI_DIFF and ABI_PORT.

The individual configuration is listed in Table 29 referring to the pin description in Table 3.

By setting ABI_PORT =0, the ABI/UVW and SPI interface signals share the same physical pins on the single-die
QFN24 package (see Table 29). This allows seamless switching between ABI/UVW output during normal oper-
ation and SPlI communication during programming mode, with the same set of pins being used for both inter-
faces without external reconfiguration.

Revision 1.0 17-Nov-2025 Page 27 of 74
3901090382



MLX90382
16-Bit Triaxis® High Speed Position Sensor IC Me I ex I s

Datasheet INNOVATION WITH HEART

NVRAM settings Pin configuration

SPI: . SPI: SPI:
2 1 0 1 A B | MISO SPI:CS | Hi-Z SCLK | MOSI
. . . SPI: . SPI: SPI:
AO 2 1 0 0 Hi-Z Hi-Z Hi-Z MISO 0 Hi-Z SCLK | MOSI
2 1 0 0 Wiz | Hiz | Hiz | O 1 A B |
MISO
SPI: . SPI: SPI:
2 0 0 1 ) \Y W MISO SPI:CS | Hi-Z SCLK | MOSI
. . . SPI: . SPI: SPI:
Al 2 0 0 0 Hi-Z Hi-Z Hi-Z MISO 0 Hi-Z SCLK | MOSI
2 0 0 o | Wiz | Wiz | wiz | SP" 1 U v w
MISO
SSlI: . SSI: .
A2 1 1 0 1 A B | DATA SPI:CS | Hi-Z SCLK Hi-Z
SSl: . SSI: .
A3 1 0 0 1 ] \Y W DATA SPI:CS | Hi-Z SCLK Hi-Z
0 1 0 1 A B | PWM | SPI:CS | Hi-Z Hi-Z Hi-Z
A4
0 1 1 1 A B | PWM | SPI:CS | A N B_N I_N
0 0 0 1 U \Y W PWM | SPI:CS | Hi-Z Hi-Z Hi-Z
A5
0 0 1 1 U \Y W PWM | SPI:CS | U_N V_N W_N

Table 29: Interface mode selection for QFN-24

8.1.5 Interface Selection for TSSOP-16 and TSSOP-16_EP

The interface function of the GPIOO/1, AUO/1, SCLKO/1 and MOSIO/1 pins can be selected by setting
GPIO_IF[1:0], ABI_IF[0] and must be set individually for each of the two IC’s inside the TSSOP-16 and TSSOP-
16_EP package. The individual configuration is listed in Table 30 referring to the pin description in Table 4.

NVRAM settings Pin configuration

SPI: . SPI: SPI:
AO 2 X MISO Hi-Z SCLK | MOSI
SSI: . SSI: .
Al 1 X DATA Hi-Z SCLK Hi-Z
SPI:CS
A2 0 1 PWM A B |
A3 0 0 PWM U V W

Table 30: Interface mode selection for TSSOP-16 and TSSOP-16_EP
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8.2 SPI slave interface

8.2.1 General Description

The SPI slave interface for customer programming allows read/write access to all registers and memories,
including the sensor position data. It operates up to 10 MHz SPI clock full-duplex and is designed to support
functional safety, continuous readout, and multi-slave synchronization. The SPI supports all standard clock and
phase modes for data exchange, which can be selected using SPI_MODE[1:0].

8.2.2 SPI Timing Specifications

The capacitance C, refers to the max. load on the signal wire.

PHY_RC_ENJ2:0] = 0 (Input EMC Filter

SPI Clock Frequency fscik 0.04 10.0 MHz Off), 5V mode, C.< 20 pF
PHY RC EN[2:0] =0 (Input EMC Filter
0.04 6.5 | MHZ | 503 3V mode, €< 50 pF
PHY RC EN[2:0]=1 (Input EMC Filter
0.04 4.0 MHz On), C.< 50 pF
. Idle time between consecutive SPI
SPI Idle time SPlupie 1.0 1/fsc|_|(

transactions. CS is at high state.
SPI CS inactive delay .
after SCLK active edge SPlhes: 4.0 1/fac | SPIWrite

1.0 1/fac | SPI Read and SPI Frame Read

SPI CS active until SPI_DBNC_CS[3:0] = 0,

|SaCyLK active edge de- SPlicso 0.5 1/fscik SPI_DBNC[3:0] = 0
SPI MISO disable de-
lay after CS_B rising SPliop 100.0 ns
edge
SPI MISO enable de-
Pl 100. PI_DBN 0] = MD OK
lay after CMD byte SPlioe 00.0 ns SPl_ C _CS[3:0]=0,CMD O
=20 pF LK Ml
MISO Data Delay SPlspo 400 | ns | C:=20PF, SClKedgeto MISO

70% VDD for 5 V mode.
C. =50 pF, SCLK edge to MISO

8001 NS 1 200 VDD for 3.3 V mode.
MOSI Setup Time SPlisy_mosi | 0.25 1/fscx | SPI_DBNC[3:0] =0
MOSI Hold Time SPluo_wosi | 0.25 1/fsc | SPL_DBNC[3:0] =0

8.2.3 SPI Transaction for Register Read/Write Access

Data exchange is possible with three different SPI protocol variants: Register Read (RR), Register Write (RW)
and Frame Read (FR). The structure of the protocols is shown in Figure 14. All transactions start with a com-
mand byte. For Register Read and Register Write, the 6-bit command pattern shall match exactly. In case of
mismatch, the device always responds as in Frame Read mode. RR and RW modes are active while CS=0
ignoring the GPIO_IF[1:0] setting. Using FR mode needs a configuration of GPIO_IF[1:0] = 2 (SPI-Bus mode).
The address byte ADR refers to the IC address space shown in Section 11. As the LSB of the 9-bit address ADR
is always “0”, only the upper 8-bit part of the address is used for RR, RW and FR operations.
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=
o o
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= =
o
@ DATA (FADDR3) [7:0]
=
o
@ CRC-8
s
o
5] FS
=
0
2 DATA (FADDRO) [15:8]

8.2.3.1 Register Read (RR)

VITH HEA

The register read operation begins by sending the command byte, followed by the aligned address byte. An
optional third byte can be used to adjust the word alignment of the data transfer, which can be enabled using
the SPI_DMY bit. The subsequent byte is a dummy byte. The signal timing constraints for the register read
operation are shown in Figure 15.

cs |
1 SPlycso

SCLK

/

spltsU_ﬂ‘/lOSl i SP tHD_MOSI
Ll

vost I cMD[7] |

SPlics1

SPItIDLE |

wmm

MISO

. }APItOD

XCMD[O] ADR[8] >< // ADR[1] W ///
. LS—PItOE . SPILSDO
//[[ < cMD[7] X // X CMD[0] XDATA[15]><

[ el ———

Multiple bytes can be read sequentially during EOL calibration and non-safety related applications. This read
option must not be used for safety related applications (e.g. ASIL, SIL). The multiple bytes read enables a fast
and efficient communication. Starting from the provided address, multiple bytes can be read sequentially. The
register DE_SR[2:0] = 3 must be set before reading a larger number of registers. Once the read attempt is
complete, the register must be reset to its default value. The angular value must not be used during this pro-

cedure.
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Disable Shadow Register Monitor. If 3, reg-

DE_SR OxOBE [3:1] RIW ister monitor is disabled.

8.2.3.2 Register Write (RW)

The register write operation begins by sending the command byte, followed by the aligned address byte. This
allows access to all device registers. Multiple registers can be written sequentially, starting from the provided
address. The signal timing constraints for the register write operation are shown in Figure 16.

s I | I D

(SPheso  SPhest

|
SPItsu MOSI | SPItHD MOs!
e niie

MOSI //////////////////////// 7)) cvor7 | | XCMD[O] ADR[8] | || ) abrp Jpataqs)| | Joatapo)]

L L§P|toz J iﬂ"m"
MISO /7 < cmp(7] | | cmppo; | aprgs; | | ) aprag W

8.2.3.3 Frame Read (FR)

When operating in Frame Read (FR) mode, the device transmits the content of up to four register addresses.

This transmission can be initiated by an optional Frame Start (FS) byte and terminated by an optional CRC-8

byte. The FS byte is enabled via the SPI_FRFSEN bit and consists of a configurable content (SP/_FRFS[3:0]) and

a rolling counter. The rolling counter, which defines a nibble of the optional FS byte, allows the MCU to detect

desynchronization that may result from lost SCLK edges. The composition of the FS byte is shown in Table 33.
7 6 5 4 3 2 1 0

SPI_FRFS Rolling Counter

The second byte of the FR frame is ignored but still transmitted to prevent bus congestion in half-duplex mode
and to allow command fail checks by the MCU. An optional third dummy byte can be enabled via the SPI_DMY
bit to adjust the word alignment of the data transfer. The content of register addresses for readout can be
configured by setting SPI_FADDRO..3. If SPI_FADDRO[7:0] is set to 0x00, the angular value will be transmitted
(see Section 8.2.4.1). If one of the SPI_FADDRI1..3 register is set to 0x00, its content will not be transmitted
and will not part of the frame. The length of the FR frame is defined as:

Levamelbyte] = SPI_FRFSEN +2- (1 + (SPI_FADDR1 > 0)
+ (SPI_FADDR2 > 0) + (SPI_FADDR3 > 0))
+ SPI_FRCRCEN.

The optional CRC-8 byte, which can be activated using the SPI_FRCRCEN bit, protects the data fields. An addi-
tional method for detecting transmission errors is provided via binary inversion. By setting the bit position “x”
in field SPI_FRINV[3:0], the byte of content DATA(FADDR”x”) will be binary inverted. A comparison between
inverted and non-inverted DATA allows error detection.
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8.2.4 SPI Data Sample Timing
8.2.4.1 Angle Data Sampling in Frame Read Mode

By setting SPI_FADDRO = 0x00, the angle value is sampled from digital signal processing with a maximum dis-
tance of (SPI_CPTLT[2:0] + 0.5) * 1/fscik [s] before the DATA(FADDRO) word. To ensure correct internal data
acquisition, it is necessary to adjust SPI_CPTLT accordingly:

fscLk

SPI_CPTLT =5 - 0.5

ac

8.2.4.2 Data Sampling

All registers, in FR mode for SPI_FADDRO != 0x00, will be captured in the beginning of the previous byte trans-
fer.

8.2.5 SPI Transaction for Synchronous Read Access of Multiple Slaves

The SPI interface allows synchronous capturing and sequential transmission of angular data with multiple SPI
slaves on a shared SPI interface. The Super Frame Read (SFR) mode defines a delayed transmission of the FR
response frame, facilitating a time-division-multiple-access (TDMA) scheme on the MISQO line. This setup sup-
ports up to 16 SPI slaves, allowing them to capture or measure synchronized data and transmit it sequentially
on the shared MISO bus. A common use case for the SFR is the Dual-Die product configuration, as shown in
Section 4.2. The configuration of the SFR is described in the following sections.

8.2.5.1 Time-division multiple access via Super Frame Read mode

The time-division multiple access (TDMA) mechanism is controlled through SPI_SFRDLY[7:0] in the slave de-
vice(s). This configuration defines the delay, in bytes, between the start of the first byte in the SFR frame and
the beginning of the specific slave device's first byte within the SFR frame.

8.2.5.2 Angular capture point

The capture point of the angular value can be synchronized across all slave devices by setting bit
SPI_SFR SCPT =1. This ensures that the capture point is alighed with the position of the very first
DATA(FADDRO0)[15:8] byte within the entire Super Frame. To ensure synchronization, SPI_CPTLT[2:0] should
be identical on all slave devices to capture the angular data at the same position before the first
DATA(FADDRO0)[15:8] in the Super Frame. If bit SPI_SFR_SCPT = 0, the angular position is captured before each
individual slave device’s DATA(FADDRO0)[15:8]. The synchronization options are illustrated in Figure 17 and the
timing behaviour is described in Section 8.2.4.1.

Revision 1.0 17-Nov-2025 Page 32 of 74
3901090382



MLX90382 .
16-Bit Triaxis® High Speed Position Sensor IC Me I ex I S

Datasheet OVATION WITH HEART
Super Frame 0 | | Super Frame 1
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SPI_SFRL=8 | £ & & S & 5
— Sy & o Qx < L9
sPLSFRDLY=0 | SE || e [|22]] 8 o & B E g e | [2&8|] § © &
g= R ° =T € °
s s s sz
Q Q
SPI_SFR_SCPT=1
Angle Capture Angle Capture
SPI_SFR_SCPT=0
MOsI MOsI MISO MISO MISO MISO MISO MISO MISO MISO MISO MISO MISO MISO MISO
Slave 2 —
g
3 S )
SPI_SFRL=8 | £ & & S
- [SE c 0
SPLSFROLY=4 | S8 || = = = g E e | |28|] 8 Y & = g g e
s 3 T < O
o2 = =
B 3 £
o
SPI_SFR_SCPT=1 Angle Capture T Angle Capture T
SPI_SFR_SCPT=0 Angle Capture Angle Capture

8.2.5.3 Super Frame length alignment

The Super Frame length (Lsrrame) must be set as the sum of all bytes composed of the individual frame (see
Section 8.2.3.3) of each slave device, using SPI_SFRL[7:0]. The frame length of each slave can differ. The total
frame length can be calculated as:

N
Loeramelbyte] = SPLSFRL = )" Lerame(®
l=

8.2.6 SPI EMC debounce filter

The SPI inputs SCLK, CS and MOSI have dedicated digital symmetric debounce filter with programmable filter
depth. SPI_DBNC[3:0] and SPI_DBNC_CS[3:0] configure the debouncing delay for SCLK (zgc1x), MOSI (Tyos1)
and CS (t.s) respectively as follows:

Tes [s] = SPI_DBNC_CS[3: 0] *
SPI_DBNC|[3:0]

fRCO

RCO

Tmosn TscLk [S] =

It is important to consider that SPliop, SPloe and SPlispo will accumulate with the defined debouncing delay.
Next to this, the setting of SPI_DBNC([3:0] > 0 limits the maximum SCLK frequency.

8.3 SSloutput

In SSI mode, the angular value is transmitted as a 16-bit data word with in a 16-bit frame, with a clock period
of T = 1/fscik. The MCU provides the SSI clock and controls the pause time Tp between two consecutive frames.
After each frame, the device requires a minimum pause time Ty to recognize that the transmission is complete
Twm is configured via SSI_TM[7:0] as follows:

8
Tyls] = (SSI_TM[7:0]+ 1) - —
fac
The pause time (Tp) must consider Ty and a minimum idle time, such that: Tp > T+ 0.5 ps. A Data line high
level during the pause period Tp, following the timeout period Twm, requires a pull-up resistor on the Data line,

as shown in the recommended example application diagrams in Chapter 0.
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If the MCU triggers 16 or more clocks (without any clock violation), the last transmitted word is repeated,
starting with the MSB. The diagram in Figure 18 illustrates two consecutive readouts of the same angular
value, followed by a third readout of a new angular value activated after a clock timing violation. The timing
specifications are list in Table 31.

8.3.1 SSI Timing Specification

The capacitance C, refers to the max. load on the signal wire.

PHY_RC_ENJ[2:0] = 0 (Input EMC Filter

SSI Clock Frequency fscuk 0.04 10.0 MHz Off), 5 V mode, C.< 20 pF
0.04 6.5  MHz g’;’f’)”—gg—\f'r\;liﬁiz?s(I:gt;tFEMC Filter

0.04 40 = MHz g’:;’l_ng_Eé)V[pZF.O]:l (Input EMC Filter
80.0 ns C.=50 pF, SCLK rising edge to Data

70% VDD for 3.3 V. mode.

8.3.2 SSI Data Sample Timing

The DSP output is sampled based on the configuration of SSI_CPT[14], as listed in Table 35.

e |f SSI_CPT[14] = 1, the data is always captured at the rising edge of Tw. Consequently, the age of the
angular information in the next SSI clock sequence is Tp - Tu. It should be noticed that the data at the
first clock sequence after start-up contains no valid information, as no capture event was triggered
before this point.

e If SSI_CPT[14] = 0, the data is always captured at the first falling edge of SCLK.

0 The data will always be captured at the first falling edge of SCLK SCLK £ 2MHz
1 The data will always be captured after Ty
1. Clock Sequence 2. Clock Sequence 3. Clock Sequence
<« T=1/fscux
Ssihhinhnnhinissnnnin
» «— SSlispo < >
Tm
oon e 4 0l )\
Position Value X Position Value X Position Value X+1
A A
SS|_CPT=0
Angle A
Capture SSI_CPT=1
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8.3.3 SSI Interface Configuration

If SSI mode is selected by setting GPIO_IF[1:0] = 1, the field SPI_MODE[1:0] must be set to 1. If further SPI
communication is required, the SPI master must be configured accordingly.

8.3.4 SSI Parity Bit

If SSI_PARPQOS/[3:0] < 9, an optional odd parity bit of all bits before the parity bit position can be transmitted
within the 16-bit frame. With the parity bit applied, the maximum transmittable angular output resolution is
15 bits. SSI_PARPQOS[3:0] specifies the position of the parity bit within the 16-bit frame and allows adjustment
of the SSI frame width as all following content after the parity bit can be ignored. The frame transmission can
be stopped immediately after the transmission of the parity bit. The SSI frame is composed as shown in Ta-
ble 36, with the scaled angular value @, and the parity bit.

15 SSI_PARPOS+1 = SSI_PARPOS | SSI_PARPOS-1 ... 0
Qsc[15:SSI_PARPOS + 1] Parity-Bit to be ignored

Signal conditioning need to be applied (refer to Section 6.8) to scale the angular value into the desired range
Psc[15: SSI_PARPOS + 1]. Following constraints must be fulfilled to avoid placing the parity bit into the
scaled output data range of @g,:

Incase SC_YE < max(SC_Y1,SC_Y2):

SSI_PARPOS[3:0] < 15 — ceil(log2(max(SC_Y1,5C_Y2)))
Incase SC_YE > max(SC_Y1,SC_Y2):

SSI_PARPOS[3:0] < 15 — ceil(log2(SC_YE))

8.4 PWM output

8.4.1 PWM Definition

The MLX90382 generates pulse width modulation (PWM) signals with a time resolution of 1/f... The interface
supports a freely programmable period Tewm, configured via PWM_PERIOD[15:0]:

PWM_PERIOD[15:0]
Trwm = f
ac

The PWM polarity can be inverted using the PWM_INV bit.

A < Tewm = PWM_PERIOD/f,,

>

VDD T

i 4

SCY2 oo ]

SC_YE

The PWM duty cycle (Tewm on) is proportional to the angular value after signal conditioning and interpolation,
which is captured at the beginning of each PWM period. The upper and lower limit of the on-time, Tewm_on,
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are defined by the output of the signal conditioning via SC_Y1[15:0] and SC _Y2[15:0] (see Section 6.8). Fig-
ure 19 illustrates a PWM configuration, including the defined on-time. DSP_DATA represents the output data
after interpolation (see Section 6.4). SC_YE[15:0] refers to the fault band indication that is described in the
MLX90382 safety manual [3]. It is important to note that the following constraint must be considered for set-
ting the PWM period by PWM_PERIOD[15:0]:

PWM_PERIOD[15:0] > max(SC_Y1,5C_Y2,SC_YE)

The PWM Output resolution Rpwm depends on the ratio between the application clock frequency and the PWM
frequency and can be calculated as follows:

Rpwm = lng(

Jac )

fPWM

To compensate for mismatch between rising and falling edge delays, the signed value PWM_DC_OFS/[8:0] al-
lows to adjust the Tewm on time as follows:

PWM_DC_OFS][8: 0]
ATPWM_ON = f
ac

8.4.2 PWM performance characteristics

PWM Output Resolution Rewm 12.0 16.0 Bit

PWM Frequency frwm 305 5000 Hz

PWM Frequency Tolerance Afpwm -5.0 5.0 % fowm
fPWM =2 kHZ;

PWM Duty Cycle Jitter Joc 0.03 % DC = 50%, normalized
to the period

PWM Period Jitter Jpwm 500.0 ns fpwm = 2 kHz

8.5 ABIl incremental encoder output

The MLX90382 features an incremental encoder output interface with three signals (see Figure 21). Signals A
and B are quadrature signals, where the period represents an angular increment of 4 - A8. The | signal is a
reference signal that indicates one complete electrical revolution. In the positive rotation direction, the rising
edge of the I-channel marks the zero position, while in the negative direction, the falling edge indicates the
zero position.

The direction of rotation is determined by the phase relationship between signals A and B, which corresponds
to the sign of the angular velocity. When signal A leads signal B, the angular velocity is considered positive. If
signal B leads signal A, the angular velocity is negative.

The ABI interface includes an adjustable hysteresis, which allows to balance noise versus accuracy (See Fig-
ure 20). The hysteresis can be configured over a wide range by ABIUVW_HYS[3:0]. The direction of rotation
can be reversed using the ABIUVW_DIR bit setting. It is recommended to set the hysteresis value higher than
the expected peak noise. A good estimation is 3 * RMS angular noise. The hysteresis HYSag_uvw, expressed in
degrees, can be calculated as follows:

360

HYS g1 yywldeg] = ifloor(zABIUVW_HYS[3:0]—1) . e
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Hysteresis—»  4—
A A
\
A/B/I
>
Angle

8.5.1 ABI performance characteristics

Angular Resolution AO 0.02 deg ABl_LOG2N[3:0]=12

8.5.2 ABI Configuration of Angular Resolution

The number of counts (Nasi_counts) Within one electrical revolution is defined by ABI_LOG2N[3:0] and the fol-
lowing equation:

Nugi counrs = 4 - 2ABI-LOG2N[3:0]

The maximum setting for ABI_LOG2N[3:0] is 12. The angular output resolution A@ is defined by:

360

NABI_COUNTS
Be aware that the defined hysteresis HYSag_uvw will limit the angular resolution. Therefore, the constraint for
the hysteresis setting is as follows:

ABIUVW_HYS[3:0] < (13 — ABI_LOG2N[3:0])

AB[deg] =

Output Angle v | 0| 420 | +240 | 340 | +420 | +500

8.5.3 ABI I-Pulse duration configuration

In presence of high noise, the internal angle can step over the index pulse (I-pulse) trigger range. To make the
I-pulse generation more robust, the duration and the starting point of the I-Pulse can be adjusted by
ABI_I_LEN[O]. With ABI_|_LEN = 1, the I-pulse is a three-count index that starts with the last count on the
previous turn plus two counts on the new turn. With AB/_|_LEN =0, the I-pulse is a single count index starting
on the wrap. The resulting effect is illustrated in Figure 22.

Revision 1.0 17-Nov-2025 Page 37 of 74
3901090382



MLX90382 .
16-Bit Triaxis® High Speed Position Sensor IC Me I ex I S

Datasheet OVATION WITH HEART

1

Nagi_couns - 2
Nagi_counts -
Nagi_counts

No. of counts

A

ABI_|_LEN[O]=0

ABI_|_LEN[0]=1

8.5.4 ABI Constraints on Configuration

The configuration of ABI_LOG2N[3:0] and ABIUVW_HYS[3:0] is constraint by the maximum angular speed (vel).
To ensure valid encoding of the ABI signals relative to angular speed, the following constraint must be consid-
ered:

max(vel [HZ]) < (214_ABILOGZN_ABIUVWHYS_1) . %
2

8.6 UVW commutation output

The MLX90382 UVW interface emulates the U, V and W signals typically generated by three Hall switches in
Brushless DC (BLDC) motors. These three signals are electrically phase-shifted by 120 degrees and switch at
the position where the mechanical angle indicates a pole change in the motor. The number of pole pairs Ny
can be set from 1 to 32 pairs through Ny, = UVYW_PP[4:0] + 1.

Additionally, the MLX90382 includes a dedicated hysteresis setting, configurable via ABIUVW_HYS[3:0]. It pre-
vents incorrect transitions. This setting is adjustable over a wide range to optimize the balance between noise
and accuracy. The calculation of the hysteresis HYSag_uvw is detailed in Section 8.5.

The direction of rotation can be reversed by setting bit ABIUVW _DIR. Figure 23 shows and example of UVW
signals with Ny, = 3, along with the corresponding mechanical angle 6.

120 deg ele.
>

v [

\Y

w ’;

O odeg 120 deg 240 deg 360 deg

8.6.1 UVW performance characteristics

Number of pole pairs Nopp 1 32
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8.7 Differential ABl and UVW output (QFN-24)

The QFN-24 package provides a differential ABl and UVW interface output, meaning the ABI/UVW signals are
logical inverted, with signal levels ranging between VSS and VDD. By configuring ABI_DIFF[0] to 1, the inverted
signals A/U_N, B/V_N and I/W_N are provided at the AU_N, SCLK and MOSI pins, respectively (see Table 29).
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9 Application information

This section provides a non-exhaustive list of application examples for the QFN-24, and TSSOP-16/ TSSOP-
16_EP packages. For simplicity, Supply configurations are described once per package type, and the recom-
mended values for pull-up/ pull-down resistors, as well as termination resistors are mentioned in the tables
below.

Component . . Max. Comment
Reus Rep 5 kQ Push-pull mode. Applicable for all outputs.
Rey Reo 1 KO Open drain mode in 5V mode

derived at 90% VDD and 10% VDD
Open drain mode in 3.3 V. mode
derived at 90% VDD and 10% VDD

Table 40: Recommended component values pull-up/ pull-down resistors

Component in. . . Comment
Rr 660 Q In 5V supply mode
560 Q In 3.3V supply mode

Table 41: Recommended component values for termination resistors for differential ABl/ UVW interface

9.1 Example application diagrams with MLX90382 in QFN-24 package

9.1.1 Supply configurations for QFN-24 devices

Figure 24 shows the connection diagram for a QFN-24 device in 5V supply mode, while Figure 25 depicts 3.3V
supply mode. Please note that these supply modes can be applied to any of the following application diagrams
with QFN-24 devices. Values for the capacitors are listed in Table 42.

X Y voo AU VPP jf VDD AU vep
I 2 9 2 9
G VDD3V3 BV C1 * VDD3V3 BV
L 8 — 8
W W
MLX90382 19 - MLX90382 19 )
GPIO O GPIO ]
(QFN-24) S (QFN-24) S
20 20
(&) (&)
22 22
SCLK SCLK
24 23 24 23
’—1 VSS MOSI ’—1 VSS MOSI
VSS VSS
L L
Figure 24 : Example depicting 5 V supply mode Figure 25 : Example depicting 3.3 V supply mode
Component . \YEVE Unit Comment
C 330 nF Close to the IC pin
C 100 nF Close to the IC pin, C; < C;

Table 42: Recommended component values for QFN-24 with 5 V and 3.3 V configuration

Revision 1.0 17-Nov-2025 Page 40 of 74
3901090382



MLX90382

16-Bit Triaxis® High Speed Position Sensor IC

Datasheet

Melexis

NNOVATION WITH HEART

9.1.2 SPI interface with MLX90382 in QFN-24 package

Figure 26 shows the application diagram for the QFN-24 device, connected via SPI to the MCU. The pull-up/
pull-down resistors Rpy; Rep are specified differently for the 3.3 Vand 5 V supply modes (see Table 40).

This configuration can be used for both operating and programming the device.

See section “Supply configurations”

17

2

Wiring cables

VDD

MCU

VSS

9.1.3 SSlinterface with MLX90382 in QFN-24 Package

10
VDD AU
VDD3V3 BY L1
8
W 3
MLX90382 19
GPIO
(QFN-24)
20
cs
2
SCLK
23
VSS MOS!
AU_N
21 T

Figure 27 shows the application diagram for the QFN-24 device, connected via SSI to the MCU. The pull-up/
pull-down resistors Rpy; Rep are specified differently for the 3.3 V and 5 V supply modes (see Table 40).

In order to support programming of the device, SPI interface shall be connected as shown in chapter 9.1.2.

See section “Supply configurations”

~
\

\

\
i
/

’
-
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9.1.4 PWM interface with MLX90382 in QFN-24 Package

Figure 28 shows the application diagram for the QFN-24 device, connected via PWM to the MCU. The pull-up/
pull-down resistors Rpy; Rep are specified differently for the 3.3 V and 5 V supply modes (see Table 40).

In order to support programming of the device, SPI interface shall be connected as shown in chapter 9.1.2.

\
See section “Supply configurations” ,’ L
! i
i P Rey
17 10 | | VbD
VDD AU ! i
! i
9 ! i
VDD3V3 BV 3 Vo
Qo
8 L a
W 4 1 m !
oo
MLX90382 om0 b2 i oy i 8
(QFN-24) boS S
20 P2
cs ! i
il 1
1 ]
22 i !
SCLK 1 ' |
1
1 1
24 ! |
vss Mos! [12—4 ! i
AU_N : [l VSS
0 | : Rp[%
21 T I i :
I ! H
1 ' i
4 ‘ : .
!

9.1.5 ABI/UVW interface with MLX90382 in QFN-24 Package

Figure 29 shows the application diagram for the QFN-24 device, connected via ABI/UVW to the MCU. The pull-
up/ pull-down resistors Rpy; Rep are specified differently for the 3.3 V and 5 V supply modes (see Table 40).

In order to support programming of the device, SPI interface shall be connected as shown in chapter 9.1.2.

See section “Supply configurations” ,' \:
) i |
E E Rey % Rey % Rey %
17 10 i ' vbD
VDD AU ! :
2 9 i i
VDD3V3 BV o
@
e |i@o |
W N
MLX90382 19 oo )
GPIO P Q
(QFN-24) Ps S
20 P2 !
Cs H '
! i
22 i |
SCLK I |
24 23 i i
—[ﬂvss AU N MOSI ' !
= ' i Vss
T IR 1% 2
! i
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Figure 30 shows the application diagram for the QFN-24 device, connected via differential ABlI/ UVW to the
MCU. The termination resistors Rz are specified differently for the 3.3 V and 5 V supply modes (see Table 41).

In order to support programming of the device, SPI interface shall be connected as shown in chapter 9.1.2.

See section “Supply configurations”

24

VDD

VDD3V3 AU_N

VSS

AU

-3

BV

MLX90382 2
SCLK

3

(QFN-24)
W

Wiring cgbles

MOSI

-

cs
GPIO
I}

19

VDD

MCU

VSS
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9.2 Example application diagrams with MLX90382 in TSSOP-16/TSSOP-16_EP
package

9.2.1 Supply configurations for TSSOP-16/ TSSOP-16_EP devices

Figure 31 shows the connection diagram for a TSSOP-16/ TSSOP-16_EP device in 5V supply mode, while Figure
32 depicts 3.3 V supply mode. Do note that these supply modes can be applied to any of the following appli-
cation diagrams with TSSOP-16/ TSSOP-16_EP device devices. Values for the capacitors are mentioned inTable
43,

a_ a4
|- J
AUD VoD AUO . VDD
5
! VDDO SCLKO VDDO SCLKO
6 6
vDD1 MOSIO vDD1 MOSIO
2 2
VDD3V30 GPIOO VDD3V30 GPI0O
VDD3V31 csopg 3 = VDD3V31 csopg 3 =
DD § §
MLX90382 13 13
SCLK1 SCLK1
(TSSOP-16/ MLX90382
TSSOP-16_EP) 14 (TSSOP-16/ 14
MOSI1 TSSOP-16_EP) MOSI1
VSSO gprio1 ] 19 VSSO eprio1 ] 10
11 11
< 3 AUL cs1 vss 3 AUL cs1 vss
12° 12°
C,C 330 nF Close to the IC pin
C;3,Cy 100 nF Close to the IC pin, C3,C4< Cy, C;
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9.2.2 SPlinterface with MLX90382 in TSSOP-16/ TSSOP-16_EP package

Figure 33 shows the application diagram for the TSSOP-16/ TSSOP-16_EP device, connected via SPI to the MCU.
The pull-up/ pull-down resistors Rpy; Rep are specified differently for the 3.3 V and 5V supply modes (see Table
40).

See section “Supply configurations”

, N
\
4 l
{} Rey < Rey < Rey < Rey < Rey <
A0 | VDD
VDDO SCLKO
VDD1 MOSI0 ,
Q
0
VDD3V30 GPIOO T
o0
VDD3V31 cso £ 3
= =
MLX90382  scia =
(TSSOP-16/
TSSOP-16_EP) MOSIL
VS50 GPIO1
vss1 cs1
AL RS RS B E—
R R R R R
12T PD % PD % PD % PD % PD % VSS |

9.2.3 SSlinterface with MLX90382 in TSSOP-16/ TSSOP-16_EP package

Figure 34 shows the application diagram for the TSSOP-16/ TSSOP-16_EP device, connected via SSI to the MCU.
The pull-up/ pull-down resistors Rpy; Rep are specified differently for the 3.3 V and 5 V supply modes (see Table
40).

In order to support programming of the device, SPI interface shall be connected as shown in chapter 9.2.2 .

,

See section “Supply configurations” r S * »
P
4F- i i Rey Rey Rey
LT i 1
AUO : | VDD
VDDO SCLKO . ;
H
1 1
! '
VDD1 MOSIO g
P a !
VDD3V30 GPIOO 8 :
oo
VDD3V31 Cso bos 3
VE
P2 =
MLX90382 SCiK1 | !
(TSSOP-16/ ' |
TSSOP-16_EP) mosI1 ; ;
i 1
VSS0 GPIO1 : i
i i
VSS1 AUL cs1 | | vss
= LRI el
1ZT | i PD ‘ PD . PD = |
1 Py ® °
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9.2.4 PWM interface with MLX90382 in TSSOP-16/ TSSOP-16_EP package

Figure 35 shows the application diagram for the TSSOP-16/ TSSOP-16_EP device, connected via PWM to the
MCU. The pull-up/ pull-down resistors Rpy; Rep are specified differently for the 3.3 Vand 5 V supply modes (see
Table 40). In order to support programming of the device, SPI interface shall be connected as shown in chapter
9.2.2.

See section “Supply configurations” e ae
L % %
1 ! R R
J1 L mE
AUO i i VDD
VDDO SCLKO ' |
1
i 1
1 1
1 w !
VDD1 MOSIO0 g
P a
VDD3V30 GPIOO 0
1 1
Lo
VDD3V31 cso b 3
v E
=2 =
MLX90382 SCLK1 ! i
(TSSOP-16/ i |
TSSOP-16_EP) MOSI1 ' !
1 1
1 1
VS50 GPIO1 : :
L
Vss1 AUL cs1 i i Vss
o LT
12T : i PD . PD . |
1 ° °

9.2.5 ABI/UVW interface with MLX90382 in TSSOP-16/ TSSOP-16_EP package

Figure 36 shows the application diagram for the TSSOP-16/ TSSOP-16_EP device, connected via ABI/UVW to
the MCU. The pull-up/ pull-down resistors Ry, Rep are specified differently for the 3.3 Vand 5 V supply modes
(see Table 40).

In order to support programming of the device, SPI interface shall be connected as shown in chapter 9.2.2 .

See section “Supply configurations” .
; )
i ]
! 1
4 \ ERPU % Rey % Reu % Reu % Rey % Reu %
1
{1 | !
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VDDO SCLKO :
i
;
VDD1 MOSI0 o
@
P a
VDD3V30 GPIOO I
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9.3 Example application diagram for concurrent interfaces

Itis possible to use some interfaces concurrently (combined), Figure 37 shows an example application diagram
for concurrent usage of SPI and ABI interface. An overview of the supported concurrent interface combina-
tions and their configuration is given in Table 29 and Table 30. The pull-up/ pull-down resistors Reu; Rep are
specified differently for the 3.3 Vand 5 V supply modes (see Table 40).

Rey % Rey % Rey % Reu % Rey % Rey % Reu %

See section “Supply configurations”
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9.4 Magnetic Sensing modes

From an application perspective, the different sensing modes correspond to the measurement of the angular
position of the magnet as projected within one of the three planes of the spatial reference frame, as illustrated
in Figure 38. These modes can be configured with the setting in SENSING_MODE[2:0]. The SENS-
ING_MODE[2:0] parameter is only available for Rotary Mode for mid- and high-field magnetic range not for
the 360-degree Stray Field Immune Rotary Mode.

z
\
X

9.4.1 Application scenario end of shaft

A diametral magnetisation is assumed for the illustration of the following application modes. The position of
the magnet is assumed to be centred to the shaft-axis to achieve the optimal angular accuracy.
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9.4.1.1 End of shaft (QFN-24)

X-Y mode X-Z mode Y-Z mode
BAA-000, -100 and -600 BAA-000 and -100 BAA-000 and -100

Figure 39: Exemplary illustration for end of shaft applications (QFN-24)
9.4.1.2 End of shaft (TSSOP-16_EP)

1

X-Y mode X-Z mode Y-Z mode
BAA-000 and -100 BAA-000 and -100 BAA-000 and -100
Figure 40: Exemplary illustration for end of shaft application modes (TSSOP-16_EP)
9.4.1.3 End of shaft (TSSOP-16)

The TSSOP-16 package variant supports only the X-Y magnetic sensing mode for Stray Field Immune measure-
ment.

X-Y Mode

BAA-602
Figure 41: Exemplary illustration for end of shaft application modes (TSSOP-16)
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9.4.2 Side/through shaft
9.4.2.1 Side/through shaft (QFN-24)

The position of the magnet can vary within the depicted plane.

3

N

X-Y Mode X-Z Mode Y-Z Mode
BAA-000 and -100 BAA-000 and -100 BAA-000 and -100

Figure 42: Exemplary illustration for side/through shaft application modes (QFN-24)
9.4.2.2 Side/through shaft (TSSOP-16_EP)

The position of the magnet can vary within the depicted plane.

X-Y Mode X-Z Mode Y-Z Mode
BAA-000 and -100 BAA-000 and -100 BAA-000 and -100

Figure 43: Exemplary illustration for side/through shaft application modes (TSSOP-16_EP)

9.4.3 Through shaft magnet ring
9.4.3.1 Through shaft magnet ring (QFN-24), dual-pole magnet

X-Z Mode Y-Z Mode
BAA-000 and -100 BAA-000 and -100
Figure 44: Exemplary application for through shaft magnet ring (QFN-14), dual-pole magnet
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9.4.3.2 Through shaft magnet ring (TSSOP-16_EP), dual-pole magnet

The illustration of the following application modes depicts a single pole pair magnet and a TSSOP-16_EP de-
vice.

Y-Z Mode

BAA-000 and -100 BAA-000 and -100
Figure 45: Exemplary illustration for through shaft magnet ring (TSSOP-16_EP), dual-pole magnet

9.4.3.3 Through shaft magnet ring (QFN-24), multipole magnet

The illustration of the following application modes depicts a six-pole pair magnet and a QFN-24 device, but is
also valid for other multipole pair magnets.

X-Z Mode Y-Z Mode
BAA-000 and -100 BAA-000 and -100
Figure 46: Exemplary application for through shaft magnet ring (QFN-14), six-pole magnet

9.4.3.4 Through shaft magnet ring ((TSSOP-16_EP), multipole magnet

The illustration of the following application modes depicts a six-pole pair magnet and a TSSOP-16_EP device,
but is also valid for other multipole pair magnets.

E

X-Z Mode Y-Z Mode
BAA-000 and -100 BAA-000 and -100
Figure 47: Exemplary illustration for through shaft magnet ring (TSSOP-16_EP), six-pole magnet
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9.4.4 Linear magnet motion

The illustration of the following application modes depicts a single pole pair magnet, but is also valid for a
multipole pair magnet.

Y-Z Mode X-Z Mode
BAA-000 and -100 BAA-000 and -100

Figure 48: Exemplary illustration for linear application modes

Revision 1.0 17-Nov-2025 Page 51 of 74
3901090382



MLX90382 o
16-Bit Triaxis® High Speed Position Sensor IC Me I ex I S

Datasheet INNOVATION WITH HEART

10 Package, IC handling and assembly

10.1 Package information

Variant Code Markmg Definition (Option Code)

Rotary Mode mid-field (-000)

H Rotary Mode high-field (-100)

N Stray Field Immune Rotary Mode (-60x)

Table 44: Definition of the device variant marking on the package

10.1.1 Package QFN-24 4x4
10.1.1.1 Package QFN-24 dimensions

E E2 K
TIE BAR [‘
8X’
®) JUuUuuly
|
D) (-
5 + . [ + (-
J ) -
[ (-
- ] 24
X nnnnnn
PIN # 1 (LASER MARKED) J L -
A3 PIN 11D
TOP VIEW SIDE VIEW BOTTOM VIEW
NOTE - S | ALL DIMENSION ARE IN MILLIMETERS
1. EXPOSED TIE BAR SHOULD BE KEPT FREE FROM SOLDER. Y
2. (OPTIONAL) SIDE WALL IMMERSION TIN PLATING MIN Tum THICK. Y
& | MINMUM | NOMINAL | maxivum
N
A 0.80 0.85 1.00
Al 0.00 0.02 0.05
A3 0.20 REF
D 3.90 4.00 410
E 3.90 4.00 410
D2 2.35 .45 2.55
£2 2.35 2.45 2.55
L 0.30 0.40 0.50
K 0.20 — —
b 0.18 0.25 0.30
. 0.50 BSC
Figure 49: Package QFN-24 dimensions
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10.1.1.2 Package QFN-24 pinout and marking

VDD3V3

Marking :

lH
o]
N

@™
l!

XXXXX

H

YYWW

10.1.1.3 Package QFN-24 magnetic sweet-spot

Melexis

/ATION WITH HEART

Part Number MLX90382 (3 digits)
Die Version (2 digit)

2" to 6% character of the lot nb

z| - Variant Code (1 digit)

Split lot number (2 digits) (optional)
Assembly Year (YY) and week (WW)

The location of the hall plates used for the Stray Field Immune rotary mode are market as green rectangles.

=
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10.1.2 Package TSSOP-16_EP
10.1.2.1 Package TSSOP-16_EP dimensions

D1
S
Y
T g MINIMUM MAXIMUM
E H E1 8
A p— 1.10
Q AT 0.05 0.15
| A2 0.85 0.95
D 4.90 5.10
O nnnmnim 00 E 4.30 4.50
Al el ) A D 2.90 3.10
EXPOSED PAD REGION E 2.90 3.10
H 6.40 REF
TOP VIEW BOTTOM VIEW L 0.50 0.75
b 0.19 0.30
12_REF c 0.09 0.20
/ | i e 0.65 BSC
\ « 0’ 8

CTTTTEEER A N

SIDE VIEW SIDE VIEW

NOTE :

1. ALL DIMENSIONS IN MILLIMETERS (mm) UNLESS OTHERWISE STATED.

2. DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS OF MAX 0.15 mm PER SIDE.
3. DIMENSION E DOES NOT INCLUDE INTERLEADS FLASH OR PROTRUSIONS OF MAX 0.25 mm PER SIDE.

4. DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSION OF MAX 0.08 mm.

5. LEAD COPLANARITY SHALL BE MAXIMUM 0.1 mm.

10.1.2.2 Package TSSOP-16_EP pinout and marking

Marking Part Number MLX90382 (3 digits)
VDDO ! 1 VDD3V31 Die version (2 digits)
GRIoo L1 O L vsst | 382 || BA |—| N |—> Variant Code
€s0 1T [T MOsI1
AUO T N w | scua TOP First 6 characters of the lot nb
[00]
scLko 1T _’2‘ § N AU YYWW Assembly Year (YY) and week (WW)
Mosio [T < g T cs1 . N .
Vsso T s § " |F3epio1 » Split lot nb (2 digits) (Optional)
= K2
VDD3V30 [T [T—1vDD1
8 9
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10.1.2.3 Package TSSOP-16_EP magnetic sweet spot

“1RRAAART
"\ ITERHS
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10.1.3 Package TSSOP-16
10.1.3.1 Package TSSOP-16 dimensions

S ~jF—c | S
% H H H H H H % J L g MINIMUM MAXIMUM
= f 0
L
A ——— 1.10
Al 0.05 0.15
A2 0.85 0.95
= D 4.90 5.10
E 4.30 4.50
O H 6.40 REF
L 0.45 0.75
T b 0.19 0.30
%HHHHHHE ﬁ c 0.09 0.20
o e 0.65 BSC
J Lb e ol « o 8
|
TOP_VIEW SIDE VIEW ’77

12_REF A2
] o
!
Al
SIDE VIEW
NOTE

1. ALL DIMENSIONS IN MILLIMETERS (mm) UNLESS OTHERWISE STATED.

. DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS OF MAX 0.15 mm PER SIDE.
. DIMENSION E DOES NOT INCLUDE INTERLEADS FLASH OR PROTRUSIONS OF MAX 0.25 mm PER SIDE.

. DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSION OF MAX 0.08 mm.

. LEAD TO LEAD COPLANARITY MAX 0.100 MILLIMETERS (mm) WITH RESPECT TO SEATING PLANE a.

U~ NN

10.1.3.2 Package TSSOP-16 pinout and marking

Markin
& Part Number MLX90382 (3 digits)
1 16 . . ..
VDDO [T [T 1 vDD3v31 Die version (2 digits)
GPIoo [T O [T vss1 | 382 || BA |—| N |—> Variant Code
€S0 1] [T 1 mosI1
e ~ w | saa TOP First 6 characters of the lot nb
[00]
SCLKo 1T '.2‘ >>§ N [T Au YYWW Assembly Year (YY) and week (WW)
MOsI0 [T < g Tcs1
Vsso T s >>§ 1 [ET3eri01 » Split lot nb (2 digits) (Optional)
=K 2
VDD3V30 [T T 1vDD1
8 9
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10.1.3.3 Package TSSOP-16 magnetic sweet spot

The location of the hall plates used for the Stray Field Immune rotary mode are market as green rectangles.

=
(&)
HHHHAHHH
A
| . ©
. Die 1 =}
| (=]
> ///r\'\ dHE:1.55mm ":‘
< _____ _4_._..\\_’/._/}4_.._._._ 44444 _>§ o
o 8 __,
Die 0 I 3 i
8e ! g
m o I O
il RifilkiN: q
1 | 8
225 |
255 i
+X Dimensions in “mm”
10.2 Package thermal performance
Thermal resilstance - junc- R )8 K/W QFN-24 package with soldered
tion to ambient exposed pad
QFN-24 package with non-sol-
76 K dered exposed pad
102 K/W | TSSOP-16 package
TSSOP-16_EP package with sol-
>3 K dered exposed pad
TSSOP-16_EP package with non-
107 K/wW soldered exposed pad
Thermal resistance - junc-
— Rihjc 2 K/W | QFN-24 package
27 K/W | TSSOP-16 package
31 K/W | TSSOP-16_EP package

10.3 Storage and handling of plastic encapsulated ICs

Plastic encapsulated ICs shall be stored and handled according to their MSL categorization level (specified in
the packing label) as per J-STD-033 [9]. Electronic semiconductor products are sensitive to Electro Static Dis-
charge (ESD). The component assembly shall be handled in EPA (Electrostatic Protected Area) as per ANSI
$20.20 [10].

For more information refer to Melexis Guidelines for storage and handling of plastic encapsulated ICs ¥

1 https://www.melexis.com/en/tech-info/ic-handling-and-assembly
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10.4 Assembly of encapsulated ICs

For Surface Mounted Devices (SMD, as defined according to JEDEC norms), the only applicable soldering
method is reflow.

For Through Hole Devices (THD), the applicable soldering methods are reflow, wave, selective wave and robot
point-to-point. THD lead pre-forming (cutting and/or bending) is applicable under strict compliance with
Melexis Guidelines for lead forming of SIP Hall Sensors ¥

Melexis products soldering on PCB should be conducted according to the requirements of IPC/JEDEC and J-
STD-001 [9]. Solder quality acceptance should follow the requirements of IPC-A-610 [11].

For PCB-less assembly refer to the relevant application notes ¥ or contact Melexis.

Electrical resistance welding or laser welding can be applied to Melexis products in THD and specific PCB-less
packages following the Guidelines for welding of PCB-less devices™.

Environmental protection of customer assembly with Melexis products for harsh media application, is appli-
cable by means of coating, potting or overmolding considering restrictions listed in the relevant application
notes ¥

For other specific process, contact Melexis via www.melexis.com/technical-inquiry

10.5 Environment and sustainability

Melexis is contributing to global environmental conservation by promoting non-hazardous solutions.
For more information on our environmental policy and declarations (RoHS, REACH..) visit
www.melexis.com/environmental-forms-and-declarations
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The MLX90382 provides programming capability via SPI interface. It is designed and factory-programmed to
require a minimal configuration setup. Both reading and writing operations of registers are supported. When
configuring the registers, any unused (Not used) bits must be set to "0", otherwise the NVRAM shadow register
monitor causes triggering a fail-safe state (see MLX90382 Safety Manuals).

Values of reserved bits shall not be changed.

11.1 MLX90382 address space
The MLX90382 address space is organized in read/writeable volatile DSP register and NVRAM register.

0x000 0x110 R/W volatile DSP register
0x200 Ox25E Customer R/W NVRAM register

11.2 DSP register

8 bits KEY to unlock non-volatile opera-

NVOP_KEY 0x010 [3:0] R/W 0 .
Not used [15:4] R 0
IN _APPLICA- [1:0] R/W ) 2: Appllcat|on mode off, else: application
TION 0x024 running
DE_NVM_CRC X 2 R/W 0 1: Disable NVRAM CRC calculation
Not used [15:3] R 0
CRC 0x026 [15:0] R 0 NVRAM CRC calculation result
CRC_CALC_STRT 0 w N/A Start NVRAM checksum computation
If 1, NVRAM checksum computation fin-
CRC_CALC_DONE 0x028 ! R 0 ished, CRC updated in 0x026
Reserved 2 R/W 0 Reserved, don’t change
Not used [15:3] R 0
0x08: Norm state
) 0x10: Safe-State SS2 (NVRAM failure)
STATE 0x02C [7:0] R 8 0x20: Safe-State SS2
0x40: Safe-State SS3
Not used [15:8] R 0
AGC_GAIN [5:0] R 23 Read current AGC gain setting
Reserved 0x034 6 R 0 Reserved, don’t change
Not used [15:7] R 0
AGC measured amplitude (used for AGC
12:
AGC_AMP 0x036 [12:0] R 0 and AGC monitoring)
Not used [15:13] R 0
Temperature range [200.125:0.125:711]
E 11:
TEMP 0x038 [11:0] R 0 (K]
Not used [15:12] R 0
Angular value after linearization, resolu-
LIN_PHASE 0x03A [15:0] R 0 tion 360/21¢ deg; Before delay compen-
sation
v[Hz] = signed(SPEED) / 2% * f../26;
EED 15:
Sp 0x03¢ [15:0] R 0 v[rpm] = v[Hz] * 60; range +6009,43
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Register Address |  Bit R/W | Default | Description
Angular value after delay compensation
DRIFTC_PHASE 0x042 [15:0] R 0 and zero-point offset correction, resolu-
tion 360/2%° deg
SC_PHASE 0x044 [15:0] R 0 Angular value after signal conditioning
GC_I 0x048 [15:0] R 0 Qaln-compensated | component (Averag-
ing result)
GcQ OXOAE [15:0] R 0 Gailn—compensated Q component (Aver-
aging result)
RMM_ASIQ 0x062 [15:0] R sc.iq ﬁgalpc';lve orthogonality correction value
RMM_ASQQ 0x064 [15:0] R sc_aq Adaptive sensitivity correction value
AS_SQ
) PWM period counter
PWM_PCNT 0x10A [15:0] R 0 (PWM_PCNT ON = 1)

Table 47: DSP register

11.3 NVRAM register

11.3.1 Magnetic sensing mode configuration

De-

Description
fault P

Register Address Bit \Fx

Magnetic sensing modes:
0: X-Y (default)
w 1:X-Z

2:Y-Z

Table 48: Magnetic sensing mode configuration register

SENSING_MODE 0x200 [2:0]

11.3.2 Interface configuration

Register Address Bit 56 Default Description
R/ GPIO protocol:
GPIO_IF [4:3] W 2 0: PWM/Differential ABI or UVW;
1: SSI; 2: SPI bus mode
R/ ABI / UVW protocol:
ABI_IF > w ! 0: UVW; 1: ABI
R/ ABI/UVW differential mode:
ABI_DIFF 6 W 0 0: single ended mode,
1: differential mode
GPIO output driver strength:
0x200 GPIO_CFGJ[2:0]: . .
Do not change or overrides factory trim-
ming for 5V mode only. Use max. driving
R/ strength for 3.3V mode only.
GPIO_CFG [11:7] W 28 GPIO Output driver-mode:
GPIO_CFG[4:3]:
0: off,
1: open-drain p-MOS,
2: open-drain n-MOS
3: push-pull
Not used [15:12] R 0
Revision 1.0 17-Nov-2025 Page 60 of 74

3901090382



MLX90382

16-Bit Triaxis® High Speed Position Sensor IC

Datasheet

ABI_CFG

EH_MIN_SS_PERIOD

Not used

ABI_LOG2N
UVW_PP

ABIUVW_DIR
ABIUVW_HYS

ABI_I_LEN

ABI_PORT

PWM_INV

PWM_PCNT_ON

Reserved
Not used

PWM_PERIOD

PWM_DC_OFS
Not used

SPI_FADDRO
SPI_FADDR1

SPI_FADDR2

Revision 1.0 17-Nov-2025
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0x202

0x204

0x206

0x22E

0x248

0x230

0x232

[4:0]

[7:5]

[15:12]
[3:0]

[8:4]

[13:10]

14

15

[7:2]
[15:8]
[15:0]

[8:0]
[15:9]
[7:0]

[15:8]

[7:0]

R/

R
R/

R/
R/
R/
R/

R/

R/

R/

28

61

4095

Melexis

ITH HE |

ABI output driver strength:

ABI_CFGJ[2:0]

Do not change or Overrides factory trim-
ming for 5V mode only. Use max. driving
strength for 3.3V mode only.

ABI| Qutput driver-mode:

ABI_CFG[4:3]

0: off,

1: open-drain p-MOQOS,

2: open-drain n-MOS

3: push-pull

Applies to ABI single-ended port (ABI_1)
only

Minimum fail-safe state period. Please re-
fer to the MLX90382 safety manual for de-
tails.

ABI number of counts per revolution with:
4 * 2ABI_LOGZN

UVW pole pairs

ABI / UVW rotation direction

ABI / UVW hysteresis:
iﬂoor(z(ABIUVW_HYS-l))

ABI I-pulse length selection

QFN-24 ABI/UVW pin group selection:
0: select pin group AU_N, SCLK and MOSI
1: select pin group AU, BV and IW

PWM waveform inversion

PWM period counter (PWM_PCNT),

0: period counter off,

1: PWM counter running despite GPIO_IF
setting

Reserved, don’t change.

PWM period

PWM duty cycle offset trimming

SPI FR address O
SPI FR address 1

SP| FR address 2
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SPI_FADDR3
SPI_FRFS
SPI_FRFSEN
SPI_FRCRCEN

SPI_FRINV

SPI_MODE

SPI_DMY

Not used

SPI_SFRL

SPI_SFRDLY

SPI_CPTLT

SPI_SFR_SCPT

SPI_DBNC_CS

SPI_DBNC

Not used

SSI_PARPOS

SSI_TM
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[15:8]
(3:0]
[4]
[5]

[9:6]

0x234
[11:10]

[13:12]

[15:14]
[7:0]

0x236
[15:8]

[2:0]

0x238
[7:4]
[11:8]

[15:12]

[3:0]
0x23A

[11:4]

R/
R/
R/
R/
R/

R

R/

R/
R/

R

10

12

Melexis
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SPI FR address 3

SPI FR frame start pattern
SPI FR frame start enable
SPI FR CRC enable

SPI FR data inversion

SPl Mode selection

SPI_MODE[11:10]
Mode cPOL CPHA
0 0 0
1 0 1
2 1 0
3 1 1

SPI output optional word alignment
SPI_DMY[13] = 1: Add additional dummy
byte transfer after byte 2 in RR mode
SPI_DMY[12] = 1: Add additional dummy
byte transfer after byte 2 in FR mode

SPI super frame length, in bytes

SPI FR delay within super frame

Default is 6 for Die 1 in TSSOP-16/ TSSOP-
16_EP package

SPI capture lead time synchronous
(SPI_CPTLT + 1) * TSCLK before the
DATA(FADDRO)[15:8] byte

Synchronize the angle capture time point
on all slaves to the position of

the DATA(FADDRO)[15:8] byte with
SPI_SFRDLY =0

SPI CS debounce filter

Tcs = SP|_DBNC_CS*2/cho

SPI SCLK/MOSI debounce filter

Tscuk/most = SPI_DBNC/frco

SSI parity bit position for odd parity:

< 8: parity of angle[15:SSI_PARPOS+1]
transmitted at bit position SSI_PARPOS
> 8: no parity bit - SSI data: angle[15:0]

SSI timeout, Ty = (SSI_TM+1)*8/f.
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. . R/ -
Register Address Bit W Default Description
In SSI mode, the DSP output shall be sam-
pled at rate f.. depending on SSI_CPT (CUS,
default: 0) as follows:
R/ SSI_CPT = 0: falling edge on SCLK after
SSI_cPT 12 w start-up and falling edge auf pause pulse
(Te)
SSI_CPT = 1: Tw after rising edge of pause
pulse (Tp)
Not used [15:13] R 0
EMC RC filter enable:
Bit[0]: pin CS
) R/ Bit[1]: pin IW (QFN-24)/pin MOSI (TSSOP-
PHY_RC_EN [2:0] w 0 16/ TSSOP-16_EP)
Bit[2]: pin BV (QFN-24)/pin SCLK (TSSOP-
16/ TSSOP-16_EP)
PHY_CS_RPU_DIS 0x23¢ 3 \Ix 0 Pin CS pull-up disable
PHY_BV_RPU_DIS 4 \% 0 BV Pad pull-up disable (SCK)
R/ ,
Reserved [6:5] W 0 Reserved, don’t change.
Not used [15:7] R 0

11.3.3 Safety mechanism configuration and reporting

Table 49: Interface configuration register

The content of the following registers will affect the safety hardware metrics and shall not be modified unless
a proper impact analysis is conducted. For further information refer to the MLX90382 Safety Manual [3].

Register Address Bit R/W fajlt Description

) Minimum fail-safe state period. See Ta-
EH_MIN_SS_PERIOD 0x202 [7:5] R/W 2 ble 49 for description of address 0x202
SC_VE 0x22A [15:0] R/W | 32766 Signal.conditioning: Protocol fault band

value in SS3
DIAG_TEMP_THD_LO [7:0] R/W 14 Temperatl{re thre.shold.for*under-tem-
0x24A _[I?eraturetdlag::stlcf; ulzl’; 2*[K] t

) emperature threshold for over-tem-

DIAG_TEMP_THD_HI [15:8] R/W 117 perature diagnostic, unit 2*[K]
Threshold for maximum temperature
DIAG_TEMP_THD_MAX [7:0] R/W 122 di . -
0x24C iagnostic, unit 2*[K]

Reserved 8 R/W 0 Reserved, don’t change
Not used [15:9] R
DIAG_SPEED_THD [7:0] R/W 254 Speed monitoring limit
DIAG_ALF_THD 0x24E [10:8] R/W 2 Phase tracking error limit
Not used [15:11] R 0
DIAG_AGC_THD_LO 0x252 [7:0] R/W 2 AGC monitoring limit (lower bound)
DIAG_AGC_THD_HI [15:8] R/W 250 | AGC monitoring limit (upper bound)
DE_OV_VDD 0 R/W 0 Disable VDD overvoltage monitor
DE_UV_VDD 0x25A 1 R/W 0 Disable VDD undervoltage monitor
DE_OV_VDDD 2 R/W 0 Disable VDDD overvoltage for monitor
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R/W 0 Disable VDDA over-/undervoltage mon-

DE_VDDA 3 .
- itor
DE VAUX 4 R/W 0 Plsable VAUX over-/undervoltage mon-
- itor
DE_AGC 5 R/W 0 Disable AGC monitor
DE_DSP 6 R/W 0 Disable DSP related monitor
DE_RCO 7 R/W 0 Disable RCO monitor
DE_ADC_LIN 8 R/W 0 Disable ADC linearity monitor
DE_ADC 9 R/W 0 Disable ADC monitor
DE_ADC_OVF 10 R/W 0 Disable ADC overflow monitor
DE_AFE_REF 11 R/W 0 Disable AFE reference monitor
DE_TEMP 12 R/W 0 Disable over/under temperature moni-
tor
DE_TEMP_MAX 13 R/W 0 Ec:iable maximum temperature moni-
DE_SPEED 14 R/W 0 Disable speed monitor
DE_DSP_ALF 15 R/W 0 Disable DSP ALF monitor
11.3.4 Miscellaneous
CUS_CRC 0x25E [15:0] R/W N/A CUS area checksum (CRC16 CCITT)
USER_IDO 0x23E [7:0] R/W 0 Reserved for customers for traceability
USER_ID1 [15:8] R/W 0 Reserved for customers for traceability
USER_ID2 0x240 [7:0] R/W 0 Reserved for customers for traceability
USER_ID3 [15:8] R/W 0 Reserved for customers for traceability
USER_ID4 0x242 [7:0] R/W 0 Reserved for customers for traceability
USER_ID5 [15:8] R/W N/A Reserved for customers for traceability

11.3.5 Signal conditioning, calibration and processing

AGC minimum gain, range [0..63].

AGC_GAIN_MIN [5:0] R/W 0 Values above 47 LSB are treated as 63
LSB
0x208 AGC maximum gain, range [0..63].
AGC_GAIN_MAX [11:6] R/W 63 Values above 47 LSB are treated as 63
LSB
Not used [15:12] R 0

Linearization gain. If > 0, phase offsets
per reference point angle are

PEQ_GAIN ox20a 20 R/W 0 POFSXx[15:0] =

signed(PEQxx) * 2(PEQGAN-1) "a|se 0
Not used [15:3] R 0
PEQOO 0X20C [7:0] R/W 0 Phase Equalizer value at 0/16 * 360 deg
PEQO1 [15:8] R/W 0 Phase Equalizer value at 1/16 * 360 deg
PEQO2 OX20E [7:0] R/W 0 Phase Equalizer value at 2/16 * 360 deg
PEQO3 [15:8] R/W 0 Phase Equalizer value at 3/16 * 360 deg
PEQO4 0x210 [7:0] R/W 0 Phase Equalizer value at 4/16 * 360 deg
PEQO5 [15:8] R/W 0 Phase Equalizer value at 5/16 * 360 deg
PEQO6 0x212 [7:0] R/W 0 Phase Equalizer value at 6/16 * 360 deg
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PEQO7 [15:8] R/W 0 Phase Equalizer value at 7/16 * 360 deg
PEQOS 0x214 [7:0] R/W 0 Phase Equalizer value at 8/16 * 360 deg
PEQO9 [15:8] R/W 0 Phase Equalizer value at 9/16 * 360 deg
PEQ10 0x216 [7:0] R/W 0 Phase Equalizer value at 10/16 * 360 deg
PEQ11 [15:8] R/W 0 Phase Equalizer value at 11/16 * 360 deg
PEQ12 0x218 [7:0] R/W 0 Phase Equalizer value at 12/16 * 360 deg
PEQ13 [15:8] R/W 0 Phase Equalizer value at 13/16 * 360 deg
PEQ14 02 1A [7:0] R/W 0 Phase Equalizer value at 14/16 * 360 deg
PEQ15 [15:8] R/W 0 Phase Equalizer value at 15/16 * 360 deg
Relative cross-sensitivity from in-phase
to quadrature phase component, range
5-1a 0x21C | [15:0] R/W 0 [—2?5,+215); ovetF’)rides factopry trimmingg, if
non-zero
Relative sensitivity for quadrature com-
S_QQ 0x21E [15:0] R/W 32768 | ponent, range [0,2%6-1); overrides factory
trimming if not 2%°,
Phase/Angle offset before signal condi-
PHASE_OFS 0x220 | [15:0] R/W o  toning, .
- resolution 360/2 deg (signed 2th-com-
plement)
SC_X1 0x222 [15:0] R/W 0 Signal conditioning: X1, input range low
SC_X2 0x224 [15:0] R/W 0 Signal conditioning: X2, input range high
SC_Y1 0x226 [15:0] R/W 1 Signal conditioning: Y1, output range low
SC_Y2 0x228 [15:0] R/W 32765 | Signal conditioning: Y2, output range high
SC_VE 0x22A [15:0] R/W 32766 ISel\gIZT\I conditioning: output fault band
Signal conditioning: Transition point for
clamping high to clamping low as offset
SC_HL 0x22C [8:0] R/W 128 from center point of X range; resolution
360 deg/28.
Not used [15:9] R 0
) Customer processing delay, range
DELAY_CUS 0x244 7] I 0 [0:255] * 26/64 / frco
Not used [15:8] R 0

1/Q sign inversion:
DSP_IQNEG [1:0] R/W 0 Bit[0]: 0: GC_I, 1: -GC_|

Bit[1]: 0: GC_Q, 1: -GC_Q

GC averaging control:

0: Averaging off,

DSP_GC_AVG [4:2] R/W 0 1...6: sum(k = 1..4"DSP_GC_AVG,
gc_x/4"DSP_GC_AVG)
0x246 7:sum(k =1..8, gc_x/8)
DSP_DRIFTC_DIS 5 R/W 0 1: Disable delay compensation
Reserved 6 R/W 1 Reserved, don’t change.
Lowest DSP loop filter bandwidth; adap-
DSP_LFC_LO [10:8] R/W 0 tive loop filter enabled, if DSP_LFC LO <
DSP_LFC_HI
DSP_LFC_HI [13:11] R/W 5 Upper DSP loop filter bandwidth
DSP_SROS [15:14] R/W 2 Phase tracking step response overshoot
Revision 1.0 17-Nov-2025 Page 65 of 74

3901090382



MLX90382

16-Bit Triaxis® High Speed Position Sensor IC
Datasheet

Melexis

INNOVATION WITH HEART

Register Default = Description

RMM_FAST [2:0] R/W 4 Settling configuration for Self-Calibration
after start up

RMM_LFC [5:3] R/W ) Settlllng c9nstant for the Self-Calibration
tracking filter

RMM_AVG_MIN 0x256 [7:6] R/W 0 Zlj\]/élirr:lgmum value for Self-Calibration aver-

RMM_AVG_MAX [9:8] R/W 3 ;':/;?:gmum value for Self-Calibration aver-

Reserved [14:10] R/W 0 Reserved, don’t change.

Not used 15 R 0

RMM_ASQQ_MIN [4:0] R/W 0 .SeIf—Callbratlon minimum ASQQ clamp-
ing value

) Self-Calibration maximum ASQQ clamp-

RMM_ASQQ_MAX 0x258 [9:5] R/W 0 ing value

RMM_ASIQ_MAX [14:10] R/W 0 SeIf—Cz?Ilbratlon maximum absolute ASIQ
clamping value

Reserved 15 R/W 0 Reserved, don’t change.

Reserved [0:6] R/W 0 Reserved, don’t change.
bit[0] — 1: Disable sensitivity Self-Calibra-
tion

DE_DSP_RMM [8:7] Y 3 bit[1] — 1: Disable orthogonality Self-Cali-

0x25C .

bration

Reserved 9 R/W 1 Reserved, don’t change.

Not used [14:10] R 0

Reserved 15 R/W 0 Reserved, don’t change.
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12.1 Glossary

ABI Incremental Output Interface (Quadrature A/B and Index outputs)

ADC Analog-to-Digital Converter

ASIL Automotive Safety Integrity Level

CDM Charged Device Mode

CRC Cyclic Redundancy Check

CS Chip Select

CPHA Clock Phase

CPOL Clock Polarity

dBz mode Stray Field Immune Mode

DSP Digital Signal Processing

ECC Error Correction Code

EMC Electro-Magnetic Compatibility

EolL End of Line

ESD Electrostatic discharge

FR Frame Read

HBM Human Body Model

IC Integrated Circuit

IMC Integrated Magnetic Concentrator

INL / DNL Integral Non-Linearity / Differential Non-Linearity

LFC Low-pass Filter Constant

LE Linearity Error

MCU Microcontroller Unit

MISO Master Input Slave Output

MOSI Master Output Slave Input

MSB Most Significant Bit

MUX Multiplexer

N.C. Not Connected

NVRAM Non-Volatile RAM

LSB/MSB Least Significant Bit / Most Significant Bit

ov/uv Overvoltage / Undervoltage

0S Overshoot

PWM Pulse Width Modulation

RAM Random-Access Memory

RMS Root Mean Square

RPM Revolutions Per Minute

RR Register Read

RW Register Write

SCLK Serial Clock

SFR Super-Frame Read

SPI Serial Peripheral Interface

SSI Synchronous Serial Interface

TDMA Time Division Multiple Access

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

uvw Brushless Motor Output
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12.2 References

Following documents are referred to in this document:

(1]

(2]

(3]
(4]
(5]
(6]
(7]
(8]
(9]

Automotive Electronics Council, Failure Mechanism Based Stress Test Qualification for Integrated
Circuits, AEC-Q100, 2014.

ISO 11452-8:2015, Road vehicles — Component test methods for electrical disturbances from
narrowband radiated electromagnetic energy - Part 8: Immunity to magnetic fields.

MLX90382 Safety Manual (single die).

MLX90382 Safety Manual Addendum for IEC61508 compliance.

MLX90382 dual-die Safety Manual Addendum.

MLX90382 Application Note.

ISO 26262:2018, Road vehicles — Functional safety.

IEC 61508:2010, Functional safety of electrical/electronic/programmable electronic safety-related.
Handling, Packing, Shipping and Use of Moisture/Reflow Sensitive Surface Mount Devices, IPC J-STD-033.

[10] ANSI/ESD 520.20-2021: Protection of Electrical and Electronic Parts.
[11] IPC J-STD-001H, Requirements for Soldered Electrical and Electronic Assemblies, IPC.
[12] IPC-A-610H, Acceptability of Electronic Assemblies.

The application note “MLX90382 programming and EolL calibration via SPI” can be accessed through the
MyMelexis platform: www.melexis.com/mymelexis. To gain access to www.melexis.com/mymelexis and to
the MLX90392 Safety Manuals, please contact your local sales representative.

The descriptions in this document overrule the descriptions in the referred documents.
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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 im-
plementation. 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 war-
ranty, term, or condition of any kind, either implied or expressed, including but not limited to warranties of merchantability, satisfactory
quality, non-infringement, and fitness for purpose. Melexis, its employees and agents and its affiliates' and their employees and agents
will not be responsible for any loss, however arising, from the use of, or reliance on this document. Notwithstanding the foregoing,
contractual obligations expressly undertaken in writing by Melexis prevail over this disclaimer.

This document is subject to change without notice, and should not be construed as a commitment by Melexis. Therefore, before placing
orders or prior to designing the product into a system, users or any third party should obtain the latest version of the relevant infor-
mation.

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 under-
stood 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 confi-
dential 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.
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