
































MLX90374 - Triaxis® Position Processor .
Datasheet MeleXIS

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

6.1. General Timing Specifications

Including thermal and lifetime

22.8 24 25.2 MHz drift

Main Clock Frequency Fcx
Relative tolerances, including

- )
> > ok thermal and lifetime drift

Main Clock initial

AFck o 23.75 24 24.25 MHz T=35°C
tolerances

Relative to clock frequency at
35°C. No ageing effects.

Main Clock Frequency

- - o,
Thermal Drift AFckt 2 2 ok

1MHz Clock Frequency Fim 1 MHz
Intelligent Watchdog Two 19 20 21 ms Fec=24MHz
Timeout
A.bsolute Watchdog Tawd 19 20 21 - Fiv = 1MHz
Timeout
Tange PWM or SENT Asynchronous
3 34 Meas mode (621)
Analog Diagnostics DCT DCTana 17 17 Trame  SENT Sync. Mode, Nangrram=2
34 34 Tframe SENT SynC. MOde, NangFram=1
Digital Diagnostics DCT DCTois 20 ms  see Table 67, section 13.2
After a digital single-event fault
Fail Safe state duration Tess 9.8 11.0 11.9 ms  ABC revision
28.4 320 34.6 ABB revision
Safe Startup Time Teateston i 112 124 ms Only valid for ABC revision (see

6.3.1.2)

6.2. Timing Modes

The MLX90374 can be configured in two continuous angle acquisition modes described in the following
sections.

6.2.1. Continuous Asynchronous Acquisition Mode

In this mode, the sensor continuously acquire angle at a fixed rate that is asynchronous with regards to the
output. The acquisition rate is defined by the variable T_ADC_SEQ parameter which defines the angle
measurement period Tanglemeas. This mode is used in PWM and SENT without pause. Even though PWM is
periodic, asynchronous mode is better suited and enables complete filtering options for PWM signals that
are often slow compared to the sensor internal measurement sequence.
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Following table describes the frame length of synchronous acquisition mode with regards to T_FRAME
parameter value (see chap. 11). Minimal values represent MLX90374 best achievable performance. Typical
values are default or recommended values. Maximal values are limited by the SAE J2716 standard and not
displayed in this table. For a chosen timing configuration, one has to consider the main clock relative
tolerances listed in Table 9 to get a tolerance on the frame duration.

symbo | win| Typ | on | i [conion

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

(Normal SENT) Niome 3101 320 i e SENT) and two angles per frame
ST e e e ket

S I
S o s s e
SENT Frame Period (Fast) Trame 480 495 - us ;Sgﬁ gzl:;cri;nrsew(i:iza;:;::)e

Number of angles per Nongram 1 ) set by TWO_ANGLE_FRAME

frame parameter

Table 11 - SENT Synchronous Timing Mode Configuration

6.3. Timing Definitions

6.3.1. Startup Time

VDDstart L
Supply Voltage
Tinit
<€ P> T
stu
< < >
Tstup3

<€ »

1. TstupZ »

( Tstupl )

Output First Sync

PWM OUtpUt Ready Pulse I L

- High-Z (no drive) N _ First Valid Angle N

fig. 5 - Startup Time Definition

4 Minimal timings are only confirmed to work in a specific configuration and may lead to noise degradation. Melexis
recommends typical configuration (factory settings) for safe operation with any end user configuration.

> This timing optimizes the startup time (see Table 14)
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6.3.1.1. Normal Startup

A typical startup in SENT consists of two main phases. During the first one, the circuit performs its
initialisation until being able to start acquiring angles and transmitting SENT frames. This first phase lasts
Tinit milliseconds. After that time, the IC starts transmitting SENT initialisation frames, also called null
frames, their content being mainly zeros. During the second phase, the sensor acquires angles until the
amplification chain gain settles. The overall startup time Tty is the time between power up and complete
transmission of the first valid angle.

6.3.1.2. Safe Startup

When COLD_SAFE_STARTUP_EN is set (see chap.11, End-User Programmable Items), the circuit performs
a full diagnostic cycle before starting the transmission of an angle. This sequence lasts Tsafestup Milliseconds
(see Table 9 - General Timing Specifications). After Tinit, the circuit start sending null SENT frames until the
full diagnostic sequence is complete.

6.3.1.3. Startup phase in PWM mode

In PWM mode, startup is defined by three values, Tstup(1..3). The first value is reached when the output is
ready and starts to drive a voltage. The second value T, is the start of the first value angle transmission and
the third one T5; the moment the first angle has been transmitted.

6.3.2. Latency (average)

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

4 )

tation@10 H.
angleA (2% deg/100ms)
emagnet(t)
e
_latency
S Average latency )

6.3.3. Step Response (worst case)

Step response is defined as the delay between a change of position of the magnet and the 100% settling
time of the sensor output with full angle accuracy with regards to filtering. Worst case is happening when
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7. Magnetic Field Specifications

MeIeX|s"""

PIRED ENGINEERIN

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

7.1. Rotary Stray-field Immune Mode (-100 code)

I I T T

Number of magnetic poles

Magnetic Flux Density in X-
Y plane

Magnetic Flux Density in Z

Magnetic in-plane gradient
of in-plane field component

Magnet Temperature
Coefficient

Field Strength Resolution!*?
Field too Low Threshold*®

Field too High Threshold*?

409

Bx, By ™ 2501
B; 100
AByy
NG 3.8 10
TCm -2400 0
XY 0.075 0.1 0.125
Briiow 08 1.2 (14
BrH_HiGH 70 10019 102019

mT

mT

mT
mm

ppm
°C

mT

mm LSB

mT

mm
mT

mm

B2+ B

(this is not the useful signal)

(this is not the useful signal)

1 (dBX dBy)2+(dBX+dBy)2
2\ \ax  ar ar | dx

this is the useful signal (see fig. 8)

Magnetic field gradient norm
(12bits data)

Typ is recommended value to be
set by user

Typ is recommended value to be
set by user

Table 17 - Magnetic specification for rotary stray-field immune

Nominal performances apply when the useful signal ABy,/AXY is above the typical specified limit. Under
this value, limited performances apply. See 8.2 for accuracy specifications.

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

10 The condition must be fulfilled for all combinations of Bx and By.

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

12 Only valid with default MAGNET_SREL_T[1..7] configuration
13 Typ. value is set by default for NVRAM rev.9 and shall be set by user for rev.8 (see Table 43, USER_ID1 and Table 42)

14 Higher values of Field too Low threshold are not recommended by Melexis and shall only been set in accordance with the

magnetic design and taking a sufficient safety margin to prevent false positive.

15 Due to the saturation effect of the IMC, the FieldTooHigh monitor detects only defects in the sensors
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Accuracy specifications are valid for temperature range [-40;160] °C and supply voltage range [4.5 - 5.5] V
unless otherwise noted.

8.1. Definition
This section defines several parameters, which will be used for the magnetic specifications.

8.1.1. Intrinsic Linearity Error

A
e
O\’é
“ad 2
a $
@)
2
X
?‘_j Noise (pk-pk)
3 Intrinsic Linearity Error I +30
)
> (LE)
@)
>
Input (Deg.)

Illustration of fig. 11 depicts the intrinsic linearity error in new parts. The Intrinsic Linearity Error refers to
the IC itself (offset, sensitivity mismatch, orthogonality) taking into account an ideal magnetic field. Once
associated to a practical magnetic construction and the associated mechanical and magnetic tolerances,
the output linearity error increases. However, it can be improved with the multi-point end-user calibration
(see 12.2.6). As a consequence, this error is not critical in application because it is calibrated away.

8.1.2. Total Angle Drift

After calibration, the output angle of the sensor might still change due to temperature change, aging, etc.
This is defined as the total drift 00, :

00rr = max{0(O;y, T, t) — 0(6;y, Trr, to)}

where 6,y is the input angle, T is the temperature, Ty is the room temperature, and t is the elapsed
lifetime after calibration. t, represents the status at the start of the operating life. Note the total drift 90,
is always defined with respect to angle at room temperature. In this datasheet, Ty is typically defined at
35°C, unless stated otherwise. The total drift is valid for all angles along the full mechanical stroke.
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10.2.6. SENT Output Timing configuration

SENT_TICK_TIME Tick time configuration

0

N o AN

N o o bW N R

N\

0.7 us
1.2 ps
1.9 ps
4.8 us
9.6 us
19 us
24 ps

3 us
0.5 us
1us
1.5 pus
2.0 us
2.5 us
6 us
12 us

Standard SENT
Not recommended
Not recommended

Fast SENT
Not recommended
Not recommended

Slow SENT

Not recommended

Melexis

INSPIRED ENGINEERING

Table 34 - SENT Tick Time Configuration

SENT_SEL_SR_FALL Fall time (Tsn) SENT_SEL_SR_RISE Rise Time (Trise)

No slew rate control

N o o bW N R

No slew rate control

0.9 us
1.6 ps
3.0 us
6.2 us
12 ps
24 ps
30 ps

Table 35 - SENT Rise and Fall Times Configuration

3.8V
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- <
Ll -«

SENT_SLOPE_TRIM[3..0]

Trise

«

SENT_SLOPE_TRIM[7..4]

fig. 16 - SENT Rise and Fall Times configuration
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Parameter

Default

Description Values
Standard #bits

Enable a double resolution LNR method

DSP_LNR_RESX2 94 0: 4-points or 16-segments 0 1
1: 8-points or 32-segments
GAIN_ANCHOR_MID 225 re-scaling before the piece-wise linearization step 1 1
LNRSO, LNRAS.. LNRDS 4pts —Slope for reference points A, B, C, D N/A 16
LNRAX, LNRBX.. LNRDX 4pts - X Coordinate for reference points A, B, C, D N/A 16
LNRAY, LNRBY.. LNRDY 4pts - Y Coordinate for reference points A, B, C, D N/A 16
LNRYO..Y16 17 pts - Y coordinate point 0..16 1-4088 16
LNRXO0..X7 8 pts - X coordinate point 0..7 N/A 16
LNR_DELTA_Y01..Y32 129223;' Delta Y for 32-segment linearization 0..255 8
LNR_DELTA_Y_EXPAND_LOG2 97 Adjust the span of LNR_DELTA_Yn parameters 0 2
Enables the output scaling function (x2)
USEROPTION_SCALING 24 0 =[0..100%] 1 1
1 =[-50..150%]
CLAMPLOW 87 Low clamping value of angle data 3277 16
CLAMPHIGH 88 High clamping value of angle data 62259 16
CLAMP2_EN (38 244 Enable specific OUT2 clamping 1 1
CLAMPLOWOUT2 8 241 Specific low clamping value for OUT2 data 3277 16
CLAMPHIGHOUT2 38 242 Specific high clamping value for OUT2 data 62259 16
OUT2SLOPERATIO (38 245 Relative angle working range between both outputs 61440 16
OUT20FFSET 38 247 Relative angle reference between both outputs 8191 1
OUTSLOPE_SEL(3® 246  Select temperature-dependent offset (see 12.2.8) 0 2
253 flope et o colt ot e roy et o s
254 Sl ottt ot of e et o s
DIAGNOSTICS
DIAG_TEMP_THR_LOW®? 101 Tfempera.ture threshold for under-temperature 837 8
diagnostic
DIAG_TEMP_THR_HIGH®?) 102  Temperature threshold for over-temperature diagnostic ~ 13637 8
Field limit under which a fault is reported. On revision
o peorooiows 105 AR needlobepegammed byuer b ae S
strength.

38 Only available on ABC revision

39 Default value depends on application and IC revision. See chapter 7 tables for more information.
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Default

Parameter Description Values
Standard #bits

Field limit over which a fault is reported. Each LSB of this

DIAG_FIELDTOOHIGHTHRES 104 threshold corresponds to 4 LSB of the field strength. 255 8
PWM WEAKMAGTHRESH 105 Weak Magnet threshold Byte (PWM only) 0 8
DIAGDEBOUNCE_STEPDOWN 107 Diagnostic debouncing stepdown time 1 4
DIAGDEBOUNCE_STEPUP 108 Diagnostic debouncing step-up time 2 4
DIAGDEBOUNCE_THRESH 110 Diagnostic debouncing threshold 2 6
DIAG_ENG?) 111 E;igsyo;;i:jhfilr?g:;nable. Do not modify! (see 13.2 167) 1
COLD_SAFE_STARTUP_EN 112 gz;rréa;(;))) or full safe (1) start-up after power-on reset 0 1
OUT_DIAG_HIZ_TIME 177 E;ltre::‘iggi?;!output High-Z after transient digital fault, do ) 3
OUTPUT CONFIGURATION
Select digital output communication mode
PROTOCOL 114 (1) : iw&\zv(;ter;zjltt;ause pulse 1 2
2 = SENT with pause
Diagnostic reporting mode for dual PWM signals
OouT1 ouT2
0 | Fault Duty Cycle 1-Fault Duty Cycle
PWM_OUT_MODE ©# 251 1 | Angle Value 1-Fault Duty Cycle 0 2
2 | Fault Duty Cycle | OUT2 Angle Value
When OUT2 is in Kickdown mode, OUT1 always reports
the fault Duty Cycle
PWM2_EN 115 Enables the second PWM Output 1 1
OUT_ALWAYS_HIGHZ 119 Forces primary output (SENT/PWM) to high-Z mode 0 1
TWO_ANGLES_FRAME 138 Enable 2 angle measurements per period in synchronous 1 1

mode (SENT w/ pause pulse)

SENT nibble high/low-time configuration

NIBBLE_PULSE_CONFIG 233 2 = Fixed 5 ticks low 2 2
3 = Fixed 6 ticks high

SENT Frame Tick Count / PWM period (4us/LSB). ! Has

T_FRAME 147 impact on the analog diagnostics DCT (see Table 9 - 250 12
General Timing Specifications)

T_SYNC_DELAY®?) 150  SENT - ADC synchronization delay 2167 12

Output physical configuration
00: SENT mode = digital push-pull
ABE_OUT_MODE 175 01: SENT mode = open-drain 0 2
10: PWM mode = digital fast push-pull
11: PWM open-drain

SENT_SEL_SR_FALL 255 SENT/PWM slope fall time configuration (see Table 35) 4 3
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Default

Parameter Description Values
Standard #bits

PWM diagnostic: minimum value for comparison.
Complex timer 16-bit value is compared to
NV_DIAG_GTW_MIN << 12

OxF corresponds to a PWM period of 41322us.

DIAG_GTW_MIN 229

PWM diagnostic: maximum value for comparison.
Complex timer 16-bit value is compared to
NV_DIAG_GTW_MAX << 12

OxF corresponds to a PWM period of 41322us.

DIAG_GTW_MAX 230 15 4

bxxx100: Minimum value of the trimmed pull-up
resistance (on pin INPUT)
bxxx000: Nominal value of the trimmed pull-up
resistance
bxxx111: Maximum value of the trimmed pull-up
resistance

GTW_BIAS_TR 239 b001xxx: Connect a 1kOhm pull-up resistor between 0 6
VDDA and INPUT
b010xxx: Connect a 4kOhm pull-up resistor between
VDDA and INPUT
b100xxx: Connect a 10kOhm pull-up resistor between

VDDA and INPUT

Table 42 - MLX90374 End-User Programmable Items Table

Performances described in this document are only achieved by adequate programming of the device. To
ensure desired functionality, Melexis recommends following its programming guidelines and contacting its
technical or application services. Melexis does not guarantee the safety of the element if the configuration
of the device is done outside of the above defined values and recommendations.
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12.2. Sensor DSP Configuration

The MLX90374 Triaxis® Processor embeds a DSP that can be used to process the angle information through
the signal chain displayed in the fig. 18. The angle input information 8,y can be shaped through two angular
channels OUT; and OUT; as well as two switches signal KD; and KD,. These signals can then be routed to
the MLX90374 physical outputs using available communication protocols (see section 12.3, Selection of

Output modes).

Melexis

Piecewise .
(R)cﬁ:iitoﬁ Filter Gain linear g(ihcgnslg Clamping 1
transform
0 y y y y
on 7D L/’ I/ /
 mum > > > > ¢ —»@ > — OUT,
W n X e S X 'T -/_x
[ N
r 1
Temp offset y y
> _/_ — OUT,
Tlin X X
Thermal Gain & .
offset Offset Clamping 2
y
> KD1,2
X
Switch
Following table summarizes the parameters used for the DSP configuration
: counter clockwise
CW All LSB
1 : clockwise
DP All 0...359.9999 deg
65.5 ... 360
WORKING RANGE 17/32 pts deg
32.75 ... 180
WORK_RANGE_GAIN All x1 .. x15.94 -
LNRAX
LNRBX
4 pts, X coordinates 0...359.9999 deg
LNRCX
LNRDX
LNRAY
LNRBY 0...100
4 pts, Y coordinates %
LNRCY -50 ... + 150
LNRDY

REVISION 4 - 20 MAR 2019
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LNRSO
LNRAS
LNRBS 4 pts, slopes -17 ..0..17 %/deg
LNRCS
LNRDS
LNRXO
. 8 pts, X coordinates 0...359.9999 deg
LNRX7
LNRYO
) 0..100
LNRY7 8,17 pts, Y coordinates %
-50 ... + 150
LNRY16
+/-3.125%
LNR_DELTAYO1
- +/-6.25%
32 pts offsets %
+/-12.5%
LNR_DELTAY32
- +/-25%
CLAMPLOW / CLAMPLOW?2 All 0...100 %
CLAMPHIGH / CLAMPHIGH?2 All 0...100 %
CLAMP2_EN All 0..1 -
OUT2SLOPERATIO All -800% .. +800% %
OUT20FFSET All -400% .. +400% %

Table 46 - Output linearization and clamping parameters

12.2.1. Discontinuity Point (or Zero Degree Point)

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

A
360 Deg.
0 Deg.

fig. 19 - Discontinuity Point Positioning
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12.2.2. CW (Clockwise) Parameter

The CW parameter defines the magnet rotation direction.

= 0 or counter clockwise is the defined by the 1-4-5-8 pin order direction for the SOIC-8 package
and 1 2 3 4 pin order direction for DMP-4 package.

= 1 orclockwise is defined by the reverse direction: 8-5-4-1 pin order direction for the SOIC-8 and 4
3 2 1 pin order direction for DMP-4 package.

Refer to the drawing in the sensitive spot positioning section (17.4, 17.9).

12.2.3. Filter

The MLX90374 Triaxis® position processor includes 2 types of filters:
= Alow pass FIR Filter controlled by the FILTER parameter
= An exponential moving average (EMA) Filter: programmable by the HYST parameter

FILTER 0..2
HYST 0...255

Table 47 - Filter configuration

12.2.3.1. FIR Filter

The MLX90374 features 2 FIR filter modes controlled with FILTER = 1...2. FILTER = O corresponds to no
filtering. The transfer function is described by:

This filter characteristic is given in the Table 48.

Type Disabled Finite Impulse Response
Coefficients a; 1 11 1111
Title No filter Extralight Light
DSP cycles (nb of taps) 1 2 4
Efficiency RMS (dB) 0 3.0 6.0

Table 48 - FIR Filter Characteristics

REVISION 4 - 20 MAR 2019 Page 48 of 77
3901090374



MLX90374 - Triaxis® Position Processor M eI ex'i'é"-

Datasheet NSPIRED ENGINEERING

12.2.3.2. Exponential Moving Average (lIR) Filter

The HYST parameter is a hysteresis threshold to activate / de-activate the exponential moving average
filter. The output value of the IC is updated with the applied filter when the digital step is smaller than the
programmed HYST parameter value. The output value is updated without applying the filter when the
increment is bigger than the hysteresis. The filter reduces therefore the noise but still allows a fast step
response for bigger angle changes. The hysteresis must be programmed to a value close to the internal
magnetic angle noise level (1LSB = 8- 360/219).

X, = Angle
ynza*xn+(1_a)*yn—i " g
yn = Output

The filters characteristic is given in the following table (Table 49):

Coefficients a 0.25 0.125
Efficiency RMS (dB) 2.4 4.2

Table 49 - IIR Filter characteristics

12.2.4. WORKING_RANGE Parameter for Angle Range Selection

The parameter WORKING_RANGE determines the input range on which the 16 or 32 segments are
uniformly spread. This parameter is provided for compatibility with former versions of MLX Triaxis sensors.
For full featured working range selection, see section 12.2.5. For WORKING_RANGE parameter (W),
following table applies. Outside of the selected range, the output will remain at clamping levels.

0 180.0° 11.3° 5.6° 90.0° 5.6° 2.8°

1 160.0° 10.0° 5.0° 9 72.0° 4.5° 2.3°

2 144.0° 9.0° 4.5° 10 60.0° 3.8° 1.9°

3 131° 8.2° 4.1° 11 51.45° 3.2° 1.6°

4 120.0° 7.5° 3.8° 12 45.0° 2.8° 1.4°

5 221.5° 6.9° 3.5° 13 40.0° 2.5° 1.3°

6 103° 6.4° 3.2° 14 36.0° 2.3° 1.1°

7 96° 6.0° 3.0° 15 32.75° 2.0° 1.0°
Table 50 - Working range for 180° periodicity (order code -100)
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RN T T T T
0 360.0° 22.5° 11.3° 180.0° 11.3° 5.6°
1 320.0° 20.0° 10.0° 9 144.0° 9.0° 4.5°
2 288.0° 18.0° 9.0° 10 120.0° 7.5° 3.8°
3 261.8° 16.4° 8.2° 11 102.9° 6.4° 3.2°
4 240.0° 15.0° 7.5° 12 90.0° 5.6° 2.8°
5 221.5° 13.8° 6.9° 13 80.0° 5.0° 2.5°
6 205.7° 12.9° 6.4° 14 72.0° 4.5° 2.3°
7 192.0° 12.0° 6.0° 15 65.5° 4.1° 2.0°

Table 51 - Working range for 360° periodicity (order code -200, -300)

12.2.5. WORK_RANGE_GAIN Parameter for Angle Range Selection

Alternatively, the range for the angle can be selected using the WORK_RANGE_GAIN parameter, which
applies a fixed gain to the transfer characteristic. When using WORK_RANGE_GAIN parameter, the anchor
point is set in the middle of the full angular range, MaxRange/2, and the valid range is set symmetrically
around this value based on the parameter value.

WORK_RANGE_GAIN is coded on 8 bits where the 4 MSB defines the integer part and the 4 LSB the
fractional part. Therefore, the following equation applies to define the angle range w:

_ 16 * MaxRange
" WORK_RANGE_GAIN

MaxRange depends on the application. It is 360° for ordering codes -200 and -300 (linear stray-field
immune and legacy) and 180° for ordering code -100 (rotary stray-field immune). Both minimal and
maximal angles are then defined by :

MaxRange —w _ MaxRange +w

Omin = 2 » Umax = 2

where Bmin corresponds to the angle giving an output of 0% and Bmax the angle giving an output of 100%.
Following tables give some values as example. Outside of the working range, the output will remain at
clamping levels.

WORK_RANGE Zoom

0x10 180° 180° 11.25° 5.63°
0x20 2 90° 45° 135° 5.63° 2.81°
0x40 4 45° 67.5° 112.5° 2.81° 1.41°
OxFF 15.94 11.3° 78.7° 101.3° 0.71° 0.35°

Table 52 - Working range defined by WORK_RANGE_GAIN parameter (ordering codes -100)
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A
LNR_Delta_Y32
100+ /? $$
CLAMPHIGH 4 o -
s L D P
< T 1 LNR deltay: - : d s
—_— d
5 Programmable delta correction vs. Ideal slope (%) d /d:a;gae E/,
g— r The adjustable range can be selected from ) A
I} [+/-3.125%, +/-6.25%, +/-12.5%, +/-25%] A
< Ax fixed delta angle (w/32) -
| Prog. Slope :
WORK_RANGE_GAIN
50+
L - "// -
- M
| ,/‘"// ///'/ d /// ///
P 16-360°
P - N L P ws ——
; Py WORK_RANGE_GAIN
CLAMPLOW { R_pe té;\&l_ -v Ax
L2 ... l - M — ' ' — ' ' I ' — ' ' P | P | | P | Iw____>
DP(0,0)  1gg.W 180 Angle [°] 180+~

fig. 23 - 32pts Linearisation Parameters Description

LNR_DELTA_Y_EXP Adjustable Correction
AND_LOG2 Range resolution

0 +3.125% 0.024%
1 +6.25% 0.049%
2 +12.5% 0.098%
3 +25% 0.20%

Table 55 - LRN_DELTA Y EXPAND_LOG2 values and correction resolution

12.2.7. Scaling Parameter

When enabled, this parameter doubles the scale of Y coordinates linearisation parameters from [0 .. 100]%
to [-50 .. 150]% according to the following table (Table 56). This is valid for all linearisation schemes except

the 32 points.
USEROPTION_SCALING LNR_Y min value LNR_Y max value

0 0% 100%
1 -50% 150%

Table 56 - USEROPTION_SCALING parameter

12.2.8. Thermal offset correction- OUTSLOPE

Two parameters, OUTSLOPE_HOT and OUTSLOPE_COLD, are used to add a temperature dependent offset.
This feature is enabled by the parameter OUTSLOPE_SEL that apply this modification either directly to the
angle or after the linearisation and scaling functions. This thermal offset is only available with the revision
ABC of the MLX90374. The MLX90374 Triaxis® position processor uses its internal linearized temperature
to compute the offset shift as depicted in the figure below (fig. 24)
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A i6.25%

(at AT=128°C)

X

\VOUTSILOPEHOT

L

OUTSLOPECOLD { Temperature (°C)

T(ataT=128°c) e
-40

P

w
(%)
=
(o))
o

The thermal offset can be added or subtracted before the clamping, either to the angle or output. The span
of this offset is +6.25% of the full output scale for a temperature difference of 128°C. The added thermal
offset varies with temperature following the equations below. The two thermal coefficients are encoded
in signed two’s complement 8bit format (-128..127) and defined separately below 35°C (OUTSLOPE_COLD)
and above 35°C (OUTSLOPE_HOT).

0 No thermal offset correction

Thermal offset enabled, applied after angle calculation, i.e. after
discontinuity point (6,,,)

Thermal offset enabled, applied after output calculation and before
clamping (Bpyr)

If IC internal temperature is higher than 35°C then:

Orcomp = Oin(1 — AT - OUTSLOPE_HOT )
If IC internal temperature is lower than 35°C then:

O7comp = Oin(1 — AT - OUTSLOPE_COLD)

where 60;;, is either 8,5, or 6,,; depending on OUSLOPE_SEL value.
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12.2.9. Second Output Gain and Offset Parameters

The MLX90374 ABC revision offers the possibility to program a second output transfer characteristic. OUT;
can be linearly transposed from OUT1 with the following relationship and parameters:

Both parameters are encoded on 16bits in two’s complement with the range defined in Table 46 - Output
linearization and clamping parameters.

12.2.10. CLAMPING Parameters

The clamping levels are two independent values to limit the output voltage range. The CLAMPLOW
parameter adjusts the minimum output level. The CLAMPHIGH parameter sets the maximum output. Both
parameters have 16 bits of adjustment and are available for all four LNR modes. As output data resolution
is limited to 12bits, both in SENT and in PWM, the 4 LSB of this parameter will have no significant effect on
the output. The value is encoded in fractional code, from 0% to 100%

On the MLX90374 ABC revision, the second output OUT, can use different clamping values when
CLAMP2_EN is set. These parameters are names CLAMPLOW2 and CLAMPHIGH2 and use the same
encoding than CLAMPHIGH and CLAMPLOW.

12.3. Selection of Output modes

This section describes the option to connect the DSP output signals to the physical 10s of the MLX90374
through the two possible output protocols, PWM and SENT. The following picture displays the possibilities
offered by the MLX90374 Triaxis® processor. Some features are only available with the ABC revision of the
device. Refer to the corresponding sections for more details.
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13.1. Safety Manual

The safety manual, available upon request, contains the necessary information to integrate the MLX90374
component in a safety related item, as Safety Element Out-of-Context (SEooC).

In particular it includes:

The description of the Product Development lifecycle tailored for the Safety Element.
An extract of the Technical Safety concept.
The description of Assumptions-of-Use (AoU) of the element with respect to its intended use,
including:
assumption on the device safe state;
assumptions on fault tolerant time interval and multiple-point faults detection interval;
assumptions on the context, including its external interfaces;

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

The description and the result of the functional safety assessment process; list of confirmation
measures and description of the independency level.

13.2. Safety Mechanisms

The MLX90374 provides numerous self-diagnostic features (safety mechanisms). Those features increase
the robustness of the IC functionality by either preventing the IC to provide an erroneous output signal or
reporting the failure according to the SENT protocol definition.

® High coverage

O Medium coverage
ANA : Analog hardware failure reporting, described in the safety manual

High-Z : Special reporting, output is set in high impedance mode (no HW fail-safe mode/timeout, no
SW safe startup)

DIG : Digital hardware failure reporting, described in the safety manual
* : Diagnostic Cycle Time (see 6.1 for values)
At Startup : HW fault present at time zero is detected before a first frame is transmitted.

DIAG_EN : This safety mechanism can be disabled by setting DIAG_EN =0 (see 11 End-User
Programmable Items). This option should not be used in application mode!
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Logical Monitoring of program sequence I1SO D.2.9.3 via
Watchdog "IWD" (cpu clock) ISO D2.9.2

Back- MOSHIE Reportin
Category and safety mechanism name ADC & P J
end mode
Package
)

0] Tiwd DIG [ )

Watchdog "AWD" (separate clock) ISO D2.9.1 ) o] Tawd DIG
CPU Errors "Invalid Address", "Wrong opcode” [ ) (0] <10us DIG YES
ADC Interface Checksum () DCT_Dig DIG NO )
DSP Test Pattern (atan2) ® (0] DCT_Dig DIG )
Critical ports monitoring (] DCT_Dig DIG NO (]
SENT H/W Interface Diagnostic ) DIG
SENT parity check over Configuration registers ) <10us DIG NO ®
SENT block: Protection against re-configuration at run-time ] <10us DIG NO (]
SENT Frame Counter & Redundant Nibble ° n/a n/a n/a
System-level diagnostic ) ) ANA

Supply Voltage Monitors

(all supply domains) except VS_OV & POR ¢ ® DCT_Ana ANA NO ®
External Supply Overvoltage Monitor VS_OV ° ° 2.1ms*Y  High-Z YES
Digital Supply under-voltage monitor (Power-on reset) () ) <10ps#? High-Z YES
Supply Bias Current Monitor ® DCT_Ana ANA (]

41 This DCT is valid for detection. The recovery time of this diagnostic is defined by DCT_Ana. The debouncer is not active for this diagnostic (12.4.2)

42 After a detection of this diagnostic, the circuit performs a standard reset sequence. The recovery time of this diagnostic is consequently defined by the startup time (6.3.1).
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Overheating monitor
Warning/Reporting Mechanisms

HW Error Controller
HW Fail-safe mode with timeout
Analog-type Error management
Safe start-up mode
Mechanisms executed at start-up only

RAM March-C HW Test at start-up

REVISION 4 - 20 MAR 2019
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Module :
ADC Back- 2 Reporting
end mode
Package
o o (e} (e}

o (] DCT_Ana ANA YES (]
n/a n/a
() () n/a DIG YES
) ) n/a DIG YES
() n/a ANA
° n/a DIG n/a
o n/a DIG YES

Table 67 - MLX90374 List of Self Diagnostics with Characteristics
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17.4. SOIC-8- Angle detection
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* No absolute reference for the angular information.

The MLX90374 is an absolute angular position sensor but the linearity error (See section 8.1.1 ) does not
include the error linked to the absolute reference 0 Deg (which can be fixed in the application through the
discontinuity point).
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17.9. DMP-4- Angle detection
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* No absolute reference for the angular information.

The MLX90374 is an absolute angular position sensor but the linearity error (See section 8.1.1 ) does not
include the error linked to the absolute reference 0 Deg (which can be fixed in the application through the
discontinuity point).

17.10. Packages Thermal Performances

The table below describe the thermal behaviour of available packages following JEDEC EIA/JESD 51.X
standard.

SOIC-8 38.8 K/W 112 K/W 153 K/W
DMP-4 32.2 K/W 88.7 K/W done without PCB (43
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18. Contact

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

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

Europe, Africa Telephone: +32 13 67 04 95

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

Email : sales_usa@melexis.com

Asia Email : sales_asia@melexis.com

19. Disclaimer

The information furnished by Melexis herein (“Information”) is believed to be correct and accurate. Melexis disclaims (i) any and all liability in connection with or
arising out of the furnishing, performance or use of the technical data or use of the product(s) as described herein (“Product”) (ii) any and all liability, including
without limitation, special, consequential or incidental damages, and (iii) any and all warranties, express, statutory, implied, or by description, including warranties
of fitness for particular purpose, non-infringement and merchantability. No obligation or liability shall arise or flow out of Melexis’ rendering of technical or other
services.

The Information is provided "as is” and Melexis reserves the right to change the Information at any time and without notice. Therefore, before placing orders and/or
prior to designing the Product into a system, users or any third party should obtain the latest version of the relevant information to verify that the information being
relied upon is current.

Users or any third party must further determine the suitability of the Product for its application, including the level of reliability required and determine whether it
is fit for a particular purpose.

The Information is proprietary and/or confidential information of Melexis and the use thereof or anything described by the Information does not grant, explicitly or
implicitly, to any party any patent rights, licenses, or any other intellectual property rights.

This document as well as the Product(s) may be subject to export control regulations. Please be aware that export might require a prior authorization from competent
authorities.

The Product(s) are intended for use in normal commercial applications. Unless otherwise agreed upon in writing, the Product(s) are 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 are specifically not recommended by Melexis.

The Product(s) 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.

The Products sold by Melexis are subject to the terms and conditions as specified in the Terms of Sale, which can be found
at https://www.melexis.com/en/legal/terms-and-conditions.

This document supersedes and replaces all prior information regarding the Product(s) and/or previous versions of this document.
Melexis NV © - No part of this document may be reproduced without the prior written consent of Melexis. (2019)

ISO/TS 16949 and 1S014001 Certified
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