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Features and Benefits

- = a®
Absolute Rotary Position Sensor IC Tr I q \/7 I s
Simple & Robust Magnetic Design )

Tria®is® Hall Technology

Programmable Angular Range up to 360 Degrees

Programmable Linear Transfer Characteristic

Selectable Analog (Ratiometric), PWM, Serial Protocol

12 bit Angular Resolution - 10 bit Angular Thermal Accuracy \

40 bit ID Number
Single Die — SO8 Package RoHS Compliant h
Dual Die (Full Redundant) — TSSOP16 Package RoHS Compliant

Applications

Absolute Rotary Position Sensor
Steering Wheel Position Sensor
Pedal Position Sensor
Motor-shaft Position Sensor
Throttle Position Sensor
Float-Level Sensor

Ride Height Position Sensor
Non-Contacting Potentiometer

oo COoooooooco

Ordering Code

Product Code Temperature Code Package Code Option Code  Packing Form Code
MLX90316 S DC BCG-000 RE
MLX90316 S DC BCG-000 TU
MLX90316 E DC BCG-000 RE
MLX90316 E DC BCG-000 TU
MLX90316 K DC BCG-000 RE
MLX90316 K DC BCG-000 TU
MLX90316 L DC BCG-000 RE
MLX90316 L DC BCG-000 TU
MLX90316 E GO BCG-000 RE
MLX90316 E GO BCG-000 TU
MLX90316 K GO BCG-000 RE
MLX90316 K GO BCG-000 TU
MLX90316 L GO BCG-000 RE
MLX90316 L GO BCG-000 TU
MLX90316 K DC BCG-200 RE
MLX90316 K DC BCG-200 TU
MLX90316 K GO BCG-200 RE
MLX90316 K GO BCG-200 TU
MLX90316 K DC BCG-300 RE
MLX90316 K DC BCG-300 TU
MLX90316 K GO BCG-300 RE
MLX90316 K GO BCG-300 TU
MLX90316 E DC BDG-100 RE
MLX90316 E DC BDG-100 TU
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MLX90316 K DC BDG-100 RE
MLX90316 K DC BDG-100 TU
MLX90316 L DC BDG-100 TU
MLX90316 L DC BDG-100 RE
MLX90316 E GO BDG-100 TU
MLX90316 E GO BDG-100 RE
MLX90316 K GO BDG-100 TU
MLX90316 K GO BDG-100 RE
MLX90316 L GO BDG-100 TU
MLX90316 L GO BDG-100 RE
MLX90316 L GO BDG-102 TU
MLX90316 L GO BDG-102 RE
MLX90316 L DC BDG-102 TU
MLX90316 L DC BDG-102 RE
MLX90316 L DC BCS-000 TU
MLX90316 L DC BCS-000 RE
Legend:
Temperature Code: L for Temperature Range -40°C to 150°C

E for Temperature Range -40°C to 85°C

K for Temperature Range -40°C to 125°C

S for Temperature Range -20°C to 85°C
Package Code: DC for SOIC150

GO for TSSOP173
Option Code: AAA-xxx: die version

xxx-000: standard

xxx-100: SPI

xxx-102: SP175AGC, see section 14.4.2

xxx-200: PPA (Pre-programmed Analog)

xxx-300: PPD (Pre-programmed Digital)
Packing Form: RE for Reel, TU for Tube
Ordering example: MLX90316KDC-BCG-000-TU
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1. Functional Diagram
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Figure 1 - Block Diagram (Analog & PWM)
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Figure 2 - Block Diagram Analog (MLX90316BCS)
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2. Description

The MLX90316 is a monolithic sensor IC featuring the Tria®is® Hall technology. Conventional planar Hall
technology is only sensitive to the flux density applied orthogonally to the IC surface. The Tria®is® Hall
sensor is also sensitive to the flux density applied parallel to the IC surface. This is obtained through an
Integrated Magneto-Concentrator (IMC®) which is deposited on the CMOS die (as an additional back-end
step).

The MLX90316 is only sensitive to the flux density coplanar with the IC surface. This allows the
MLX90316 with the correct magnetic circuit to decode the absolute rotary (angular) position from 0 to 360
Degrees. It enables the design of novel generation of non-contacting rotary position sensors that are
frequently required for both automotive and industrial applications.

In combination with the appropriate signal processing, the magnetic flux density of a small magnet
(diametral magnetization) rotating above the IC can be measured in a non-contacting way (Figure 4). The
angular information is computed from both vectorial components of the flux density (i.e. Bx and By).
MLX90316 produces an output signal proportional to the decoded angle. The output is selectable between
Analog, PWM and Serial Protocol.

Figure 4 - Typical application of MLX90316
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3. Glossary of Terms — Abbreviations — Acronyms
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

4. Pinout

Gauss (G), Tesla (T): Units for the magnetic flux density — 1 mT =10 G
TC: Temperature Coefficient (in ppm/Deg.C.)

NC: Not Connected

PWM: Pulse Width Modulation

%DC: Duty Cycle of the output signali.e. Ton /(Ton + Torr)

ADC: Analog-to-Digital Converter

DAC: Digital-to-Analog Converter

LSB: Least Significant Bit

MSB: Most Significant Bit

DNL: Differential Non-Linearity

INL: Integral Non-Linearity

RISC: Reduced Instruction Set Computer

ASP: Analog Signal Processing

DSP: Digital Signal Processing

ATAN: trigonometric function: arctangent (or inverse tangent)

IMC: Integrated Magneto-Concentrator (IMC®)

CoRDiC: Coordinate Rotation Digital Computer (i.e. iterative rectangular-to-polar transform)
EMC: Electro-Magnetic Compatibility

1 VDD VDD VDIG VDIG

2 Test 0 Test 0 Vss1 (Grounds) Vss1 (Grounds)
3 Switch Out 1SS VD1 DD+

4 Not Used / Out 2( SCLK Test 0+ Test 01

5 Out MOSI/MISO Switch Outz ISS:

6 Test 1 Test 1 Not Used: SCLK>

7 \Vbic \bie Outz MOSI2/ MISO2
8 Vss (Ground) Vss (Ground) Test 12 Test 12

9 VDIG2 VDIG2

10 Vss2 (Ground>) VsS2 (Ground>)
1 VDD2 VDD

12 Test 02 Test 02

13 Switch Out; 1SS+

14 Not Used+ SCLK;

15 Outt MOSI1 / MISO+
16 Test 14 Test 11

For optimal EMC behavior, it is recommended to connect the unused pins (Not Used and Test) to the Ground (see section 17).

1 MLX90316xDC-BCS includes a programmable second output

3901090316
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5. Absolute Maximum Ratings

Parameter ‘ Value
Supply Voltage, VDD (overvoltage) +20V
Reverse Voltage Protection -10V
Positive Output Voltage — Standard Version | +10V
(Analog or PWM) + 14V (200 s max — Ta =+ 25°C)
Positive Output Voltage — SPI Version VoD + 0.3V
Positive Output Voltage (Switch Out) +10V
+ 14V (200 s max — Ta =+ 25°C)
Output Current (lout) +30 mA
Reverse Output Voltage -03V
Reverse Output Current —50 mA
Operating Ambient Temperature Range, Ta | —40°C ... + 150°C
Storage Temperature Range, Ts —40°C ... +150°C
Magnetic Flux Density +700 mT

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

6. Detailed Description

As described on the block diagram (Figure 1, Figure 2 and Figure 3), the magnetic flux density parallel to
the IC surface (i.e. B)) is sensed through the Tria®is® sensor front-end. This front-end consists into two
orthogonal pairs (for each of the two directions parallel with the IC surface i.e. X and Y) of conventional
planar Hall plates (blue area on Figure 5) and an Integrated Magneto-Concentrator (IMC® yellow disk on
Figure 5).

Hall Plates

Figure 5 - Tria®is® sensor front-end (4 Hall plates + IMC® disk)

3901090316 Page 8 of 45 Jul/13
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Both components of the applied flux density B, are measured individually i.e. By, and By,. Two orthogonal
components (respectively By, and By,) proportional to the parallel components (respectively By, and By,)
are induced through the IMC and can be measured by both respective pairs of conventional planar Hall
plates as those are sensitive to the flux density applied orthogonally to them and the IC surface.

While a magnet (diametrically magnetized) rotates above the IC as described on Figure 4, the sensing
stage provides two differential signals in quadrature (sine and cosine — Figure 6 and Figure 7)

o |\ \ /AN /
cwll NN NN
e ol N\ /N ]
e N U A A N N

wml N\ NS NN

N N

‘ — pha (Degree) —

Figure 6 — Magnetic Flux Density — By « cos(a) & By o< sin(a)
N VAN AN
A N A A N

\ — VX — VY |

Figure 7 — Tria®is® sensor front-end — Output signals — Vx «< By o« cos(a) & Vy o« By o< sin(a)

3901090316
Rev10

Page 9 of 45

Jul/13



e MLX90316
M & leX|5 Rotary Position Sensor IC

Microelectronic Integrated Systems

Those Hall signals are processed through a fully differential analog chain featuring the classic offset
cancellation technique (Hall plate quadrature spinning and chopper-stabilized amplifier).

The conditioned analog signals are converted through an ADC (configurable — 14 or 15 bits) and provided
to a DSP block for further processing. The DSP stage is based on a 16 bit RISC micro-controller whose
primary function is the extraction of the angular position from the two raw signals (after so-called front-end
compensation steps) through the following operation:

a=ATAN (&j
X
The DSP functionality is governed by the micro-code (firmware — F/W) of the micro-controller which is
stored into the ROM (mask programmable). In addition to the "ATAN” function, the F/W controls the whole
analog chain, the output transfer characteristic, the output protocol, the programming/calibration and also
the self-diagnostic modes.

In the MLX90316, the "ATAN” function is computed via a look-up table (i.e. it is not obtained through a
CoRDiC algorithm).

Due to the fact that the "ATAN” operation is performed on the ratio "Vy/Vy”, the angular information is
intrinsically self-compensated vs. flux density variations (due to airgap change, thermal or ageing effects)
affecting both signals. This feature allows therefore an improved thermal accuracy vs. rotary position
sensor based on conventional linear Hall sensors.

In addition to the improved thermal accuracy, the realized rotary position sensor is capable of measuring a
complete revolution (360 Degrees) and the linearity performances are excellent taking into account typical
manufacturing tolerances (e.g. relative placement between the Hall IC and the magnet).

Once the angular information is computed (over 360 degrees), it is further conditioned (mapped) vs. the
target transfer characteristic and it is provided at the output(s) as:

e an analog output level through a 12 bit DAC followed by a buffer
e adigital PWM signal with 12 bit depth (programmable frequency 100 Hz ... 1 kHz)
e adigital Serial Protocol (SP — 14 bits computed angular information available)

For instance, the analog output can be programmed for offset, gain and clamping to meet any rotary
position sensor output transfer characteristic:

Vout(a) = ClampLo for a < amin
Vout(a) = Voffset + Gain x o for amin < o < amax
Vout(a) = ClampHi for a > amax

where Voffset, Gain, ClampLo and ClampHi are the main adjustable parameters for the end-user.

The linear part of the transfer curve can be adjusted through either a 2 point or a 3 point calibration
depending on the linearity requirement.

A digital output is also available and used as a programmable angular switch.

The calibration parameters are stored in EEPROM featuring a Hamming Error Correction Coding (ECC).
The programming steps do not require any dedicated pins. The operation is done using the supply and
output nodes of the IC. The programming of the MLX90316 is handled at both engineering lab and

production line levels by the Melexis Programming Unit PTC-04 with the dedicated MLX90316
daughterboard and software tools (DLL — User Interface).
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7. MLX90316 Electrical Specification

DC Operating Parameters at VDD = 5V (unless otherwise specified) and for T, as specified by the

Temperature suffix (S, E, K or L).

2For the dual version, the supply current is multiplied by 2
3See section 14.4.1 for details concerning Slow and Fast mode
4 Applicable for output in Analog and PWM (Open-Drain) modes

5RL < oo for output in PWM mode

6 For detailed information, see also section 15

7 Not Valid for the SPI Version

3901090316
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Nominal Supply Voltage VDD 45 5 55 v
Slow mode® 8.5 1 mA
2)
Supply Current 91 Fast mode® 135 | 16 mA
POR Level VDD POR | Supply Under Voltage 2 2.7 3 v
Analog Output mode -8 8 mA
Output Current lout | oM Output mode 20 20 mA
Vout=0V 12 15 mA
Output Short Circuit Current Ishort Vout=5V 12 15 mA
Vout =14 V (Ta = 25°C) 24 45 mA
Pull-down to Ground 1 10 oo(5) kQ
Output Load RO | Pullup to 5V 1 10 | o KO
' Vsat_lo | Pull-up load RL > 10 kQ 3 %V/DD
Analog Saturation Output Level -
Vsat_hi | Pull-down load R. > 10 kQ 96 %VDD
N . VsatD_lo Pull-up Low Side RL > 10 kQ 15 %VDD
Digital Saturation Output Level Push-Pull (louT =-20mA)
VsatD_hi | Push-Pull (IouT = 20mA) 97 %VDD
- 1
Diag_lo Pull-down load RL > 10 kQ %VDD
— . Pull-up load RL > 10 kQ 15
Active Diagnostic Output Level
. .| Pull-down load RL> 10 kQ 97
Diag_hi %V/DD
Pull-up load RL > 10 kQ 98
Broken Vss(M &
(6) 9
BVSSPD | pyik-down load R. < 10 kQ 4 7o\/0D
(7)
BVsspy | Droken Vs & 99 | 100 %VDD
Passive Diagnostic Output Level Pull-up load RL > 1kQ
(Broken Track Diagnostic) © Broken VbD(") & 0
BVOOPD | b -down load R. > 1kQ 0 1 foVoD
Broken VDD & . . 0
BVDDPU Pull-up load to 5 No Broken Track diagnostic %VDD
MLX 90316 Electrical Specification continues...
...MLX 90316 Electrical Specification
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Clamp_lo | Programmable 0 100 %V/DD®)
Clamped Output Level -
Clamp_hi | Programmable 0 100 %V/DD®)
) Sw_lo | Pull-up Load 1.5k to 5V 0.55 1.1 v
Switch Out®) -
Sw_hi | Pull-up Load 1.5k to 5V 3.65 4.35 \Y

As an illustration of the previous table, the MLX90316 fits the typical classification of the output span
described on the Figure 8.

A
100 % . - -
1 g9 Diagnostic Band (High)
—— 2% —
90 % — g0, Clamping High \
80 % ——
70% ——
T 0% |
()]
-
3 50 % —— Linear Range
Q.
‘5 40 % —+—
o (o)
30% ——
20 % ——
—— 12% :
10 % ——4%, Clamping Low \
—— 4% : :
0% \ Diagnostic Band (Low)

Figure 8 - Output Span Classification

8 Clamping levels need to be considered vs the saturation of the output stage (see Vsat_lo and Vsat_hi)
9 See section 14.1.4 for the application diagram
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8. MLX90316 Isolation Specification

DC Operating Parameters at VDD = 5V (unless otherwise specified) and for T as specified by the
Temperature suffix (S, E, K or L). Only valid for the package code GO i.e. dual die version.

9. MLX90316 Timing Specification

DC Operating Parameters at VDD = 5V (unless otherwise specified) and for Tp as specified by the
Temperature suffix (S, E, K or L).

Parameter | Symbol Test Conditions

Main Clock Frequency Ck Slow mode(10 7 MHz
Fast mode(0) 20 MHz

Sampling Rate Slow mode(" 600 s
Fast mode(!" 200 s

Step Response Time Ts Slow mode(19), Filter=5(" 4 ms
Fast mode('0), Filter=0(1 400 600 us

Watchdog Wd See Section 15 5 ms

Start-up Cycle Tsu Slow and Fast mode(1 15 ms

Analog Output Slew Rate Cout =42 nF 200 Vims
Cour =100 nF 100

PWM Frequency Frwm PWM Output Enabled 100 1000 Hz

Digital Output Rise Time Mode 5 - 10nF, RL = 10 kQ 120 us
Mode 7 — 10nF, RL =10 kQ 22 Us

Digital Output Fall Time Mode 5 - 10nF, R. = 10 kQ 1.8 s
Mode 7 — 10nF, R =10 kQ 19 s

10 See section 14.4.1 for details concerning Slow and Fast mode
1 See section 14.5 for details conceming Filter parameter
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10. MLX90316 Accuracy Specification

DC Operating Parameters at VDD = 5V (unless otherwise specified) and for T, as specified by the
Temperature suffix (S, E, Kor L).

ADC Resolution on the raw Raoc | Slow Mode('2 15 bits
signals sine and cosine Fast Mode(12 14 bits
Thermal Offset Drift #1(13) Thermal Offset Drift at the DSP
input (excl. DAC and output stage)
Temperature suffix S, E and K -60 +60 LSB1s
Temperature suffix L -90 +90 LSB1s
Thermal Offset Drift #2 Thermal Offset Drift of the DAC
(to be considered only for the and Output Stage
analog output mode) Temperature suffix S, E and K -0.3 +0.3 %VDD
Temperature suffix L -04 +0.4 %VDD
Thermal Drift of Sensitivity Temperature suffix S, E and K -0.3 +0.3 %
Mismatch('4 Temperature suffix L -05 +0.5 %
Intrinsic Linearity Error(19) Le Ta=25°C -1 1 Deg
Analog Output Resolution Roac 12 bits DAC 0.025 %VDD/LSB
(Theoretical — Noise free)
INL -4 +4 LSB
DNL -2 +2 LSB
Output stage Noise Clamped Output 0.05 %VDD
Noise pk-pk(16) RG =9, Slow mode, Filter=5 0.03 0.06 Deg
RG =9, Fast mode, Filter=0 0.1 0.2 Deg
Ratiometry Error 0.1 0 0.1 %VDD
PWM Output Resolution Rewwm 12 bits 0.025 %DC/LSB
(Theoretical — Jitter free)
PWM Jitter(? Jrwm RG =6, Fpwm = 250 Hz — 800Hz 0.2 %DC
Serial Protocol Output Rsp 14 bits — 360 Deg. 0.022 Deg/LSB
Resolution Mapping(Theoretical - Jitter free)

1215 bits corresponds to 14 bits + sign and 14 bits corresponds to 13 bits + sign. After angular calculation, this corresponds to
0.005Deg/LSB;5 in Low Speed Mode and 0.01Deg/LSB, in High Speed.

3 For instance, Thermal Offset Drift #1 equal + 60LSB1s yields to max. + 0.3 Deg. angular error for the computed angular
information (output of the DSP). See Front End Application Note for more details. This is only valid if automatic gain is set (See
Section 14.4.2)

4 For instance, Thermal Drift of Sensitivity Mismatch equal + 0.4% yields to max. + 0.1 Deg. angular error for the computed
angular information (output of the DSP). See Front End Application Note for more details.

5 The Intrinsic Linearity Error refers to the IC itself (offset, sensitivity mismatch, orthogonality) taking into account an ideal

rotating 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 that is available on the
MLX90316.

16 The application diagram used is described in the recommended wiring. For detailed information, refer to section Filter in
application mode (Section 14.5).

17 Jitter is defined by + 3 o for 1000 successive acquisitions and the slope of the transfer curve is 100%Dc/360 Deg.
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MLX90316 Magnetic Specification

11.
DC Operating Parameters at VDD = 5V (unless otherwise specified) and for T, as specified by the
Temperature suffix (S, E, Kor L).

Parameter Symbol Test Conditions Min Typ Max
20 50 70018) mT

-2400 0 ppm/°C

Magnetic Flux Density
Magnet Temperature Coefficient

TCm

12. MLX90316 CPU & Memory Specification
The DSP is based on a 16 bit RISC pController. This CPU provides 5 Mips while running at 20 MHz.

Min Typ Max

Test Conditions

Parameter Symbol
ROM 10 kB
RAM 256
EEPROM 128

18 Above 70 mT, the IMC starts saturating yielding to an increase of the linearity error.
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13. MLX90316 End-User Programmable Items

Parameter

Comments

STANDARD

Default Values

SPI/
SPI7T5AGC

PPA

Output Mode Define the output stage mode 4 N/A 4 7 3
MLX90316BCS 2 N/A 2 N/A 3
PWMPOL1 PWM Polarity 0 N/A N/A 1 1
PWMT PWM Frequency 1000h N/A N/A 1kHz 16
CLOCKWISE 0 0 0 1 1
DP Discontinuity Point Oh Oh Oh Oh 15
LNR_SO Initial Slope Oh N/A N/A N/A 16
LNR_A X AX Coordinate 8000h 0 0 0 16
LNR_AY AY Coordinate Oh 0% 10% 10% 16
LNR_A_S AS Coordinate Oh  [100%/360d[80%/360d | 80%/360d | 16
LNR_B_X BX Coordinate FFFFh FFFFh | FFFFh | FFFFh 16
LNR_B_Y BY Coordinate Oh FFFFh | FFFFh | FFFFh 16
LNR_B_S BS Coordinate Oh N/A N/A N/A 16
LNR_C_X CX Coordinate FFFFh FFFFh | FFFFh | FFFFh 16
LNR_C_Y CY Coordinate FFFFh FFFFh | FFFFh | FFFFh 16
LNR_C_S CS Coordinate Oh N/A N/A N/A 16
CLAMP_HIGH Clamping High 8% 0% 10% 10% 16
CLAMP_LOW Clamping Low 8% 100% 90% 90% 16
Switch Out FFFFh FFFFh | FFFFh | FFFFh 16
KD MLX90316BCS 0 N/A FFFFh N/A 16
KDHYST Hysteresis on the Switch Out N/A N/A N/A N/A 8
DEADZONE 0 0 0 0 8
4 0 0 0 8
FHYST MLX90316BCS 0 N/A 0 N/A 8
MLXID1 / MLXID2 / MLXID3 MLX MLX MLX MLX 16
CUSTID1 1 1 1 1 8
CUSTID2@) 619 19/36 16 20 16
CUSTID3 MLX MLX MLX MLX 16
0 0 0 0 8
FREE2 MLX90316BCS 0 N/A 2Ah N/A 16
FILTER 5 0 2 5 16
FILTER A1) Filter coefficient A1 for FILTER=6 6600h N/A N/A N/A 16
FILTER A220) Filter coefficient A2 for FILTER=6 2A00h N/A N/A N/A 16
Auto Gain at Start Up 0 1 1 1 1
ARGC MLX90316BCS 0 N/A 1 N/A 1
HIGHSPEED 0 1 0 1 1
End-User Programmable ltems continues...

19 For MLX90316SDC-BCG-STANDARD, the CUSTUMERID2 parameter might differ from the given value (28d instead of 6d)
20 Not available in MLX90316xDC -BCS
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... End-User Programmable Items
FSWAP 1 1 0 1 1
FORCECRA75 Radius Adjustment to 75% 0 0/1 0 0 1
AUTO_RG Automatic Rough Gain Selection 0 1 1 1 1
. 9 0 3 0 8
RoughGain MLX90316BCS 6 N/A 3 NA | 8
RGThresL 0 0 0 0 4
RGThresH 15 15 15 15 4
EEHAMHOLE 3131h 0 0 0 16
RESONFAULT 0 1 1 2
MLXLOCK 0 1 1 1 1
0 1 1 1 1
Lock MLX90316BCS 0 N/A 0 N/A 1
Parameter for MLX90316xDC-BCS only
OUT2EN 1 N/A 1 N/A 1
OUT2 SLOPE RATIO Was CUSTUMERID2 N/A N/A -1 N/A 8
OUT2 OFFSET MLX N/A 100% N/A 8
CLAMP_LOW OUT2 8% N/A 10% N/A 16
CLAMP_HIGH OUT2 8% N/A 90% N/A 16

14. Description of End-User Programmable Items

14.1. Output Mode

The MLX90316 output type is defined by the Output Mode parameter.

Parameter Value Description
Analog Output Mode 2,4 Analog Rail-to-Rail
5 Low Side (NMOS)
PWM Output Mode 7 Push-Pul
Serial N/A Low Side (NMOS)

14.1.1. Analog Output Mode

The Analog Output Mode is a rail-to-rail and ratiometric output with a push-pull output stage configuration
allows the use of a pull-up or pull-down resistor.

14.1.2. PWM Output Mode

If one of the PWM Output modes is selected, the output signal is a digital signal with Pulse Width

Modulation (PWM).

In mode 5, the output stage is an open drain NMOS transistor (low side), to be used with a pull-up resistor

to VDD.

In mode 7, the output stage is a push-pull stage for which Melexis recommends the use of a pull-up

resistor to VDD.

The PWM polarity is selected by the PWMPOL1 parameter:

e PWMPOL1=0fora
e PWMPOL1 =1 fora

3901090316
Rev10
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The PWM frequency is selected by the PWMT parameter.

PWM Frequency Code (based on typical main clock frequency)

. Pulse-Width Modulation Frequency (Hz)
Oscillator Mode ‘

100 200 500 1000
Low Speed ~35000 ~17500 ~7000 ~3500
High Speed - ~50000 ~20000 ~10000

For ins(tza)nce, in Low Speed Mode, set PWMT=7000 (decimal) to set the PWM frequency around
500Hz*".

14.1.3. Serial Protocol Output Mode

The MLX90316 features a digital Serial Protocol mode. The MLX90316 is considered as a Slave node.
See the dedicated Serial Protocol section for a full description (Section 16).

14.1.4. Switch Out

Parameter ‘ Value Unit
KD 0...359.9999 deg
KDHYST 0..14 deg

The switch is activated (Sw_lo) when the digital angle is greater than the value stored in the KD
parameter. This angle refers to the internal angular reference linked to the parameter DP and not to the
absolute physical 0° angle.

The KDHYST defines the hysteresis amplitude around the Switch point. The switch is actually activated if
the digital angle is greater than KD+KDHYST. It is deactivated if the digital angle is less than
KD-KDHYST.

The mandatory application diagram to use this feature is depicted in the Figure 9. See section 7 for the
electrical characteristic.

If the Switch feature is not used in the application, the output pin needs to be connected to the ground.

MLX90316 1k5

SWITCH to uC

| _our 10

Port

1750

ECU

Figure 9 — Application Diagram for the Switch Out

21 |n order to compensate the lot to lot variation of the main clock frequency (Ck), Melexis strongly recommends trimming the
PWM frequency during EOL programming (see the PTC-04 documentation).
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14.2. Output Transfer Characteristic

Parameter Value Unit
0-> CCW
CLOCKWISE 15 CW
DP 0 ... 359.9999 deg
LNR_A X
LNR_B_X 0 ... 359.9999 deg
LNR_C X
LNR A Y
LNR_B_Y 0...100 %
LNR C_Y
LNR_S0
LNR_A S 0..17 %/deg
LNR B S
LNR C S -17...0...17 %/deg
CLAMP_LOW 0...100 %
CLAMP_HIGH 0...100 %
DEADZONE 0 ... 359.9999 deg
MLX90316 xDC — BCS only
OUT2 SLOPE RATIO -8..0..8 -
OUT2 OFFSET -400 ... 400 %
CLAMP_LOW OUT2 0...100 %
CLAMP_HIGH OUT2 0...100 %

14.2.1. CLOCKWISE Parameter
The CLOCKWISE parameter defines the magnet rotation direction.
e CCW is the defined by the 1-4-5-8 pin order direction for the SOIC8 package and 1-8-9-16 pin
order direction for the TSSOP16 package.
e CW is defined by the reverse direction: 8-5-4-1 pin order direction for the SOIC8 and 16-9-8-1 pin
order direction for the TSSOP16 package.
Refer to the drawing in the IMC positioning sections (Section 20.3 and 20.6).

14.2.2. 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.
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The placement of the discontinuity
point (0 point) is programmable.

A 4

N

Figure 10 - Discontinuity Point Positioning

14.2.3. LNR Parameters

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

The shape of the MLX90316 transfer function from the digital angle value to the output voltage is
described by the drawing below. Six segments can be programmed but the clamping levels are
necessarily flat.

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

100%

CLAMPHIGH Clameing High

INRC Y | N )T

INR B_Y [ N

Slope LNR_A_S

LNR_A Y

Slope LNR_S0

e Clamping Low

CLAMPLOW
0% »|
0 LNR_A X LNR_B_X LNR_C X

14.2.4. CLAMPING Parameters

The clamping levels are two independent values to limit the output voltage range. The CLAMP_LOW
parameter adjusts the minimum output voltage level. The CLAMP_HIGH parameter sets the maximum
output voltage level. Both parameters have 16 bits of adjustment. In analog mode, the resolution will be
limited by the D/A converter (12 bits) to 0.024%VDD. In PWM mode, the resolution will be 0.024%DcC. In
SPI mode, the resolution is 14bits or 0.022deg over 360deg.
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14.2.5. DEADZONE Parameter
The dead zone is defined as the angle window between 0 and 359.9999.
When the digital angle lies in this zone, the IC is in fault mode (RESONFAULT must be set to “1” — See
14.6.1).
14.2.6. MLX90316 xDC- BCS ONLY
The MLX90316 BCS firmware offers the possibility to program a second output transfer characteristic of
the single die version.
The following formula is used in the 90316BxS:
Out2 = Out2SlopeRatio * OUT1 + OUT20ffset
Range Out2 = [ Clamp_Low OuT2..Clamp_High OuT2 ]
OuT2 SLOPE RATIO Controls the slope ratio OuT1 vs OUT2. The ratio can be positive or negative.

The example of MLX90316LDC-BCS-PPA is given in the figure below (slope = -1, OuT2 = -1 x slope OUT1
+ 100 %).

100% A
90% OuTl
a
[a]
>
X
©
>
(0]
-
5
o
=
@]
10% QOuTt2
0% —
0 360 (Deg.)

14.3. Identification

Parameter ‘ Value Unit

MELEXSID1 0... 65535

MELEXSID2 0...65535

MELEXSID3 0...65535
CUSTUMERIDA1 0...255
CUSTUMERID2 0...65535
CUSTUMERID3 0...65535

Identification number: 40 bits freely useable by Customer for traceability purpose.
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14.4. Sensor Front-End
Parameter ‘ Value Unit
HIGHSPEED 0 = Slow mode
ARGC 0 = disable
1 = enable
e
RoughGain 0..15
RGThresL 0...15
RGThresH 0...15

14.4.1. HIGHSPEED Parameter

The HIGHSPEED parameter defines the main frequency for the DSP.
e HIGHSPEED = 0 selects the Slow mode with a 7 MHz master clock.
e HIGHSPEED = 1 selects the Fast mode with a 20 MHz master clock.

For better noise performance, the Slow Mode must be enabled.
14.4.2. ARGC, AUTO_RG, RoughGain and FORCECRA75 Parameters

AUTO_RG and ARGC parameters enable the automatic gain control (AGC) of the analog chain. The AGC

loop is based on
(Vx)2+ (Vy)2 = (Amplitude)? = (Radius)?

and it targets an amplitude of 90% of the ADC input span.

At Start-Up phase, the gain stored in the parameter RoughGain is always used. Depending of the
AUTO_RG and ARGC settings, the AGC regulation acts as follow:

e If ARGC is set, the regulation proceeds by jump to reach the target gain. Note that this regulation
is only valid if the starting gain does not saturate the ADC. Melexis recommendation is to use
RoughGain < 3 if ARGC=1.

e If ARGC is “0” and AUTO_RG is set to “1”, the regulation adapts every cycle by one gain code the
current gain to reach the 90% ADC span target. Note that if the value of RoughGain is too far
from the actual gain, the chip will enter the normal operating mode (after the Start-Up phase) with
an incorrect gain which will cause the device to go in diagnostic low (field too low/field too high —
See section 15).

e |f ARGC and AUTO_RG are “0”, the AGC regulation is off and the gain used is the value stored in
the parameter RoughGain. Melexis does not advise the use of this mode.

The parameter AUTO_RG activates the automatic regulation during normal operation of the device as
background task.

The parameter FORCECRA75 modifies the target of the AGC algorithm to 75% - instead of 90% - of the
ADC span (at start-up and in normal operation).
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Melexis strongly recommend to set ARGC = “1”, AUTO_RG = “1” and RoughGain < 3 for all types of
application. If the magnetic specifications of the application are well known and under control, the
appropriate RoughGain can also be programmed with ARGC set to “0” and AUTO_RG to “1”.

Please note that the angular errors listed in the section 10 are only valid if the AUTO_RG is activated.
AUTO_RG avoids also the saturation of the analog chain and the associated linearity error.

The current gain (RG) can be read out with the PTC-04 and gives a rough indication of the applied
magnetic flux density (Amplitude).

14.4.3. RGThresL, RGThresH Parameters

RGThresL & RGThresH define the boundaries within the gain setting (Rough Gain) is allowed to vary.
Outside this range, the output is set in diagnostic low.

14.5. FILTER
Parameter ‘ Value Unit
FHYST 0...11;step 0.04 deg
FILTER 0...6
FSWAP ’

The MLX90316 includes 3 types of filters:
e Hysteresis Filter: programmable by the FHYST parameter
e Low Pass FIR Filters controlled with the Filter parameter
e Low Pass IIR Filter controlled with the Filter parameter and the coefficients FILTER A1 and
FILTER A2

Note: if the parameter FSWAP is set to “1”, the filtering is active on the digital angle. If set to “0”, the
filtering is active on the output transfer function.

14.5.1. Hysteresis Filter

The FHYST parameter is a hysteresis filter. The output value of the IC is not updated when the digital step
is smaller than the programmed FHYST parameter value. The output value is modified when the
increment is bigger than the hysteresis. The hysteresis filter reduces therefore the resolution to a level
compatible with the internal noise of the IC. The hysteresis must be programmed to a value close to the
noise level.

Please note that for the programmable version, the FHYST parameter is set to 4 by default. If you do not
wish this feature, please set it to “0”.

14.5.2. FIR Filters

The MLX90316 features 6 FIR filter modes controlled with Filter = 0...5. The transfer function is described
below:

1 J
y}’l = j alxﬂ—l
i=0
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The characteristics of the filters no 0 to 5 is given in the Table 1.

MLX90316

Rotary Position Sensor IC

Filter No (j) 0 1 2 3 4 5
Type Disable Finite Impulse Response
Coefficients o... as N/A 110000 [ 121000 133100 [ 111100 [ 122210
Title No Filter Extra Light Light
90% Response Time 1 4 4
99% Response Time 1 4 4
Efficiency RMS (dB) 0 2.9 4.0 4.7 5.6 6.2
Efficiency P2P (dB) 0 29 3.6 5.0 6.1 7.0
Table 1 - FIR Filters Selection Table
FIR and HYST Filters : Step response Comparative Plot
40000 A — — _7_—37‘
—x(n)
38000 - —firn)
% hyst(n)
i 36000
ﬁ: 34000
32000 -
30000 T T T T
0 5 10 15 20 25 30
Milliseconds
FIR and HYST Filter : Gaussian white noise response
40200 \
—x(n)
40150 - —fir@)
40100 1 ﬂ hyst(n)
S 40050 - ( A\ l
%40000 ’1\ i ‘. vt
% sosso " 0L LY R [N |
39950 Y1 i 1 ‘ \J '
39900 I
39850
39800 ‘ ;
0 50 100 150
Milliseconds
Figure 11 - Step Response and Noise Response for FIR (No 3) and FHYST=10
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14.5.3. IR Filters

The IR Filter is enabled with Filter = 6. The diagram of the IIR Filter implemented in the MLX90316 is
given in Figure 12. Only the parameter A1 and A2 are configurable (See Table 2).

by=1
x(n) > > y(n)
Z-l
b,=2
4‘>_>
Z-l
b, =1
[~
L—
Figure 12 - IIR Diagram
| Filter No | 6 |
Type 2nd QOrder Infinite Impulse Response (IIR)
Title Medium & Strong
90% Response Time 11 16 26 40 52 100
Efficiency RMS (dB) 9.9 11.4 13.6 15.3 16.2 >20
Efficiency P2P (dB) 12.9 14.6 17.1 18.8 20 >20
Coefficient A1 26112 28160 29120 30208 31296 31784
Coefficient A2 10752 12288 12992 13952 14976 15412

The Figure 13 shows the response of the filter to a Gaussian noise with default coefficient A1 and A2.
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Table 2 - IIR Filter Selection Table
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