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Scope 
This application note describes the back-end calibration of the output levels after the extraction of the 
angular position (arctangent interpolation) performed by the MLX90316 device.  

Related Documents, Products and Tools 
The documentation and information on the products and tools listed below can be found on Melexis’ 
website, www.melexis.com 

Related Products 
MLX90316 Tria� isTM Rotary Position Sensor 

Related Documents 
 
Getting started with MLX90316 
Applications Note Front-End Calibration 
Applications Note Magnets for MLX90316 Rotary Position Sensor 
Applications Note Hall Applications Guide 

Related Tools 
PTC04 Programmer for Melexis PTC devices 
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Description 
As depicted in figures 1 and 2, if a magnet (diametrically magnetized) is rotating above the MLX90316, 
the Tria� isTM Hall Plates provide the two quadrature signals cosine(� ) and sine(� ).After compensation of 
both signals at the IC level (see the Application Note on the Front-End Calibration of MLX90316), they are 
converted to an angle  � , dig. = Arctangent (sine/cosine). 
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Further processing is done within the DSP to convert the calculated � , dig  to an output value � , out, 
including  a compensation for zero-position or discontinuity point, rotating direction and angular-range.  
 
The calculated output is then given out either digitally as a PWM signal / a SPI- compatible serial 
interface, or analog via the analog output sage. 
 
As can be seen from Figure 4, the mechanical input angel range between � 1 and � 2 is linearly converted 
to an output level between 0-100%. The MLX90316 features an EEPROM to store all the necessary 
parameters linked to the chips functionality and output characteristic( i.e. � 0, � 1, � 2, CH, CL, …)  , allowing 
the adjustment of the output curve characteristic  
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The calculation of the output transfer curve or requested output levels vs. the angle position, by moving 
the application in the mechanical positions � 1 and � 2  is the so called back- end calibration  
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Adjusting the angular range and the zero position 
 
A programmable zero position or discontinuity point (DP) and programmable rotating direction simplifies 
the assembly of a system, as the magnet does not need to be adjusted to the mechanical position. 
 
The discontinuity point is programmable with a 15 bit resolution over a complete full turn or 360 deg, and 
the rotating direction defines the movement that correlates with an increasing angle or output.  
 
To define the new zero position, the magnet is turned to a mechanical position A and the actual angular 
value � dig,A   is read. The result can be directly used to define the discontinuity point by the formula DP= 
(� dig,A   – Ax  ), if the mechanical position was used as the first reference point A with an output of Ay %, at  
a definable angle Ax.  The DP point may also be directly modified with the actual angular value at any 
mechanical position or by a fix value. 
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As can be seen from Figure 5, the angular position input � , dig   is converted by a max 6 piecewise linear 
transfer curve to an output level between 0-100%.. The 4 programmable positive slopes ( i.e. S0,SA, SB, 
SC)  are  defining  the angular range ( 10..360 deg),  whereas the clamping levels are necessarily flat.  
 
 
 
Back –End calibration: Error reduction   
 
Whereas offset, phase and amplitude are mainly trimmed and compensated at the IC level (see the 
Application Note on the Front-End Calibration of MLX90316), the overall application  linearity errors due to 
off-axis , tilting and magnetic error are ideally compensated though a linearization of the output transfer 
characteristic. 
 
For small stroke application (e.g. 90 Degrees), regardless of the initial linearity error induced by the 
design and the IC location (a larger magnet will improve the overall immunity), the so-called back-end 
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calibration (i.e. calibration of the output transfer characteristic i.e. Output level vs. Angular position) 
reduces considerably the linearity error. A minimum 3 points calibration is recommended although 2 may 
be sometimes enough and 4 points may further reduce the error. 
The Figures 6 and 7 show the serious reduction of the linearity error through 2P and 3P calibrations 
(favorable for the 90 degrees window highlighted in red / green). 
 
 
 
The results, given in this 
application note, concern the 
total angular linearity error (the 
front end + application errors) 
over 360 degrees, is the error 
that can be expected when the 
SPI or PWM is used. If the 
analog output is used, the back-
end (D/A + output buffer) error 
has to be added (INL, DNL and 
thermal offset drift).  
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The angle positions  a� � ��a� � �and�a�C are�converted to�a ��� � � ��a ��� � � �and�a ��� � ��	�
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After compensation of the front 
end and back end errors for point 
A, B, we finally end with the 
following characteristic: The DP 
point was chosen so that the 
clamping low area and clamping 
high area are equally in size ( 
=135 deg)  
Note: Noise and thermal errors 
are not included. 
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MLX90316 : angular linearity error  for an 360 deg angular span   
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MLX90316 : Analog output vs angular position
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The Solver Mode  
 
The manual EEPROM interface is an excellent tool for engineering development. However, for most 
applications, manually setting all the device parameters can be cumbersome and time consuming. The 
solver interface provides the user with a semi-automated method for programming the MLX90316. This 
interface makes use of specially developed algorithms to determine the best device parameters to meet 
the users' specifications. Given the proper information, the software will calculate the crucial device 
parameters related to the transfer characteristic.  
�
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The DP point is calculated in such a way that Ax = 
135 deg.. In other words the 360 degree transfer 

curve is moved ( a ��� � �� – 135 ) degrees. The 
value Ax is always a fix value, based on the 
instruction. 
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The second Bx point is calculated based on 

BX = AX   + (( a ��� � �� (�a ����� )  

�
The slope A_S= B_S =S_0 is calculated based on 
 

A_S  = (a �)
� � �  –a �)
 � �  ) /  ( BX  - AX) ) /360  
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2 point Calibration example
Step 1 : Setpoint A ( 135, 10%)

360+DP

a,
ou

t (
%

)
10

0

BDP = (a(a(a(adig,A-135)

10

135

Slope A_S

Ax=135
a dig (deg)

0

2 point Calibration example
Step 2 : Setpoint B ( 90%)
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2 point Calibration example
Step 3 : Clamping ( 5%,95%)
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Automatic programming in Solver Mode – 90316 PSF Li brary  
 
The Solver routines provide the user with a semi-automated method for programming the MLX90316. 
These functions make use of specially developed algorithms to determine the best device parameters to 
meet the users' specifications. Given the proper information, the software will calculate the crucial device 
parameters. 
 
The Solver routines are part of the 90316 PSF. For more detailed 
description of all functions please check the PSF90316AAMLX.pdf 
documentation 
 
The standard procedure for the solver routine is: 
 

1. Connect device and define solver parameters 
2. Move magnet to different mechanical positions ( A, B, C.. )  

All critical parameters will be calculated 
3. Program device + lock 
4. Test device 

 
 
1. Connect device and define Solver parameters 
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To start communication with the MLX90316, the following functions should be used. 
 

·  90316PSF.Advanced.Chipversion : Specifies the version of the connected MLX90316 chip.( 3= BAD, 
6=BCG) 

·  90316PSF.SelectedDevice  : Specifies the Die of the connected MLX90316. ( 1 / 2) 
·  90316PSF.Advanced.NOPAlive : Checks the communication with the MLX90316. In case of any 

error the chip is not responding and the connection needs to be checked. 
·  90316PSF.DeviceReplaced : Reset software cache 
·  90316PSF.ReadFullDevice :  Read back all EERPOM values of connected chip 

 
The following functions are used to define the solver parameters. They can be restored from a profile file. 
 

·  90316PSF.solver.SolverSettingRotationDirection :  Define application rotating direction 
·  90316PSF.solver.SolverSettingSlope : Defines application slope ( 0 = pos slope)  
·  90316PSF.solver.SolverSettingOutputType : Define application output ( 0= Analog , 1 = PWM) 
·  90316PSF.solver.SolverSettingOutputMode : Define output stage mode ( 2 = analog, 5/7 = PWM) 
·  90316PSF.solver.SolverSettingPWMFreq : Set the PWM freq ( Hz). 
·  90316PSF.solver.SolverSettingApplicationSpeed ( 0 = low speed) 
·  90316PSF.solver.SolverSettingDeadZone : Defines deadzone of the application 
·  90316PSF.solver.SolverSettingFilter : Specifies the filter setting ( 0..6, 0 = No filter) 

 
·  90316PSF.advanced.SolverSettingInUse :Specifies if the solversettings will be used.  
    Example: Disable the “solversettingPWMfreq” when an analog output is selected. 

 
·  90316PSF.solver. CopySolverSettingsToParameters : Transfer Solver parameters to EEPROM 

parameters. 
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2. Move to mechanical positions ( A, B, C, … ) 
 

·  90316PSF.solver.SetRoughGain :  Before an angle can be measured it is mandatory to set the 
correct gain. This function will automatically determine the best starting value. 

·  90316PSF.solver.CharacterizeOutputDac :  In case of an analog output, it is recommended to 
characterize the real slope and offset of the DAC. These values will be used to trim the digital values. 
This function should not be used in case of  PWM/SPI. 

·  90316PSF.solver.SetCoordinatA ( %level, angle) : When the application is places in the first position, 
the function SetCoordinateA will first read the physical angle of the magnet and calculate the 
parameters discontinuity point, Ax and Ay based on the target levels. The requested angle is used as 
a reference value 

·  90316PSF.solver.SetCoordinatB ( %level) : After placing the application in the next position, the 
function SetCoordinateB will read the physical angle of the magnet and calculate the parameters 
SlopeA, Bx and By based on the target levels. 

 
The final step is set all EEPROM parameters as required and program the device. 
 

·  90316PSF.SetPrametercode: This function sets the value ( unsigned word) in  the different EEPROM 
parameters. This function is applicable for all parameters 

·  90316PSF.SetPrametervalue: This function sets the value the different EEPROM parameters. This is 
only valid for parameters with a unit ( % , deg , …) See PSF90316AAMLX.pdf for more information. 

 
The following parameters can / should be programmed. 

End- user 
programmable 

Parameter 
EEPROM ( PSF parameter) Comments Mandatory  

Customer ID 
SetParameter(CodeCUSTID1) 
SetParameter(CodeCUSTID2) 
SetParameter(CodeCUSTID3) 

 Free programmable  

AUTO_RG 
 

SetParameter(CodeERGAOFGC) 
SetParameter(CodeDFINEGAIN) 

 1 = Enable rough gain on fine gain clipping 
 0 = Enable fine gain 

�  

Clamping_High SetParameterValue(CodeCLAMPLOW)   0..100 %.   

Clamping_Low SetParameterValue(CodeCLAMPHIGH)   0..100 %.  

Rough Gain 
Threshold 

SetParameter(CodeRGTHRESLOW) 
SetParameter(CodeRGTHRESHIGH) 
 

Defines the Rough Gain thresholds.  
 

RESONFAULT 
 

SetParameter(CodeDRESONFAULT) 
SetParameter(CodeDOUTINNFAULT) 

0 = Enable reset on fault 
0 = Enable diagnostic level on fault 

�  

FHYST SetParameterValue(CodeFHYST) Set hysteresis value   

 
3. Program device + lock 
 

·  90316PSF.ProgramDevice: All changed parameters will be programmed in EEPROM and CRC is 
automatically updated.  

 
·  90316PSF.Solver.Memlock: When the chip is programmed the memlock function will lock the 

EERPOM, to prevent future changes. Also the hamming code is updated and enabled.   
 
4. Test device. 
 
After programming the 90316, it is recommended to readback the EERPOM for verification and test the 
output characteristic. 
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Hysteresis 
 
Filtering and hysteresis parameters can be used to reduce the noise, but the hystersis parameter can also 
be used to change the behavior of the output around the zero point. 
The first graph shows the typical output when the hysteresis is disabled.In case the parameters A, B and 
C are programmed as indicated on the graph and the hysteresis is activated, then the output will not 
change unless the calculated value is different from  0 or 100%. 
 
This technique can be used to create a hysteresis of Ax + ( 360-Cx) degrees around the zero position of 
the application. A Fhyst =1 corresponds with an hysteresis of +-0.012% 
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Special Applications  Programming examples 
 
360 deg application, 80 % output span 
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Negative slope application 
�
If  the application requires that  ( �  % output /   �  angle ) < 0 , which means that  the  programming order 
is % VoutA > % Vout B then the rotating direction and calibration points must be modified. 
For this reason we have created a setting  “solversettingslope ” in the software that will automatically 
modify / invert the correct parameters. ( set  solversettingslope =1 for negative slopes as shown in the 
next fig) 
 
Point A  in the example is defined at 90% output and angle point = (360 – 135) deg. 
�

A

a dig (deg)
0

2 point Calibration example
90 degree application - Negative slope

360+DP

a,
ou

t (
%

)
10

0

B

DP = (a(a(a(adig,A-225)

10

90

CLAMPHIGHCLAMPLOW

order of programming :     1                              2

225 deg

90 deg135 deg

 
 

Figure 14 : Output characteristic of  a 2 point calibration with negative slope.                                                   

- The  DP point can be programmed by 
moving the  mechanics to the zero position. 
 
- At the zero position define the first point 
 ( Ax=0 and Ay = 10 %)   
 
- A fix slope of  S_A = 90 % /360 deg defines 
a  360 deg application, corresponding with a 
80 % output span . 
 
- Parameters B and C are not used and 
programmed Bx=Cx=360   
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Automatic gain control 
 
To have the best signal / noise ratio, it is mandatory to adjust the gain when the magnetic flux density of 
the magnet is changing. Changes of the magnetic flux density are related to air gap variations and 
temperature variations. The microcontroller of 90316 will automatically check the radius ( = sqrt( sin ^2 + 
cos ^2) )  and change the gain if the radius is not 90% of the ADC range. 
 
The amplifier gain is build out of two gain stages, a rough gain and a fine gain. 
The following graph shows all possible combinations of the 16 rough gain x  64 fine gain values and the 
corresponding usable magnetic field. The fine gain will mainly compensate small changes of the magnetic 
flux density caused by temperature changes, while the rough gain is increased or decreased in steps of 1 
if the fine gain has reached a limit.  
 

Magnetic field vs  ( FG=0..63; RG = 0..15), MLX90316BAx 
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Figure 15 : Typical characteristic of magnetic field density vs MLX90316 gain settings.                                                  

 
 
If the gain is set to low, then the signal noise ratio is not optimum. If the gain is set too high, the signal of 
the A/D converter is clamped and this leads to linearity error of the calculated angle.  
 
Therefore it is mandatory to have a good starting value of the gain @ 25 C, and also to adapt the gain in 
case the magnetic flux density changes. If the starting value is unknown during the programming of the 
device, it is recommended to program the lowest rough gain and enable the adaptive gain algorithm 
during the startup of the device  ( My90316.SetEEParameterCode(CodeARGC, 1) ) 
 
Note: The typical characteristic shown in fig 15 can drastically change due to process parameters and 
therefore the graph can only be used as a rough indication rather than as an absolute fact to determine 
the field strength of the magnet. 
 


