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11.1.3 Relative on-axis magnet position relative to IC: 
The IQS625 as an on-axis hall rotation sensor. This means that the IC is placed on a PCB with 
the PCB perpendicular to the axis which it is measuring. 
 
 

 
Figure 11-3 Magnet’s postion relative to IC with on-axis orientation 

Table 11-3 Typical specifications of on-axis magnet position 

 Variables Typical 
A Outer radius 2.5 mm 

B Inner radius 1 mm 

C Thickness of magnet 2 mm 

D Distance between IC and Magnet 2 mm 

E Polarization  Diametrical 

F Magnetic grading N40 
 
Preferred magnet orientation comments 
Both solutions promote the ideal conditions. However, the EV kit with the magnet parallel with the IC 
could be more ideal as shown previously. This design was chosen to display the ease of placement 
our product offers with the built-in corrections and linearization algorithms. 
Small movements of the magnet have less impact on the phase difference. 
The distance between the magnet and the two sensors are relatively equivalent. 
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11.2 Appendix B: Magnet calibration 
The phase angle and the hall channels need to be calibrated on the IQS625. This can be done 
by a single rotation using the IQS625 GUI (Similar to the IQS624). The phase angle needs to 
be calibrated to calculate the angle between the magnet and IC while the hall channels need to 
be calibrated to determine the strength of the magnet. 

11.2.1 Calibration During IC Production 
The IQS625 is calibrated during IC production. The calibration ensures a more accurate and 
linear relation between the magnet and hall plates. Each IC is assigned to a calibration bin 
between 1 and 15. The bin index is stored in the lower nibble of Floating Gate 3. It is advised to 
use the bin index to ensure better accuracy over production. The calibration procedure was 
designed to ensure that the correct Hall ATI Settings are chosen for each setup. 
The ATI target of each hall plate needs to be calibrated for the specific magnet strength of the 
application. Using the calibration data, the signal is calculated using the equation below: 

 
Where: 

  
  

  
  

  
It is not necessary to implement this equation on FW. The procedure below describes 5 easy 
steps to calibrate each application. The equation is used to generate a calibration table in the 
GUI which can be implemented in product FW. Therefore, the bin value of each IC is used to 
find the correct value in the Hall Wheel Calibration table generated by the GUI. 

11.2.2 How to calibrate using the IQS625 GUI (To be released) 
Each application/setup (not every single IC) should be calibrated with a single rotation to 
calculate the phase angle and ATI target values. The IQS625 GUI (to be released) should be 
used to calculate the correct calibration table for each application. A default “Max Counts” of 
1500 is suggested. This procedure can still be used for phase angle calibration.  
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Step 1: Click on the Calibrate button in the GUI.  
a) This progress bar indicates that the calibration progress has started. 
b) The user must rotate the wheel on the IQS625 device 360 degrees.  

(It is encouraged that the wheel must be rotated at a constant and low speed) 

 
Step 2: Complete one full rotation until the “Calibration Completed” message is received.  
(Repeat step 1 if the message: “Calibration Failed” is received.) 

 
 
 
 
 
 
 
 
 
 

1 
a 
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Step 3: Obtaining the Hall ATI Settings 
a) Click on Hall Wheel Calibration Table 
b) The Targets and Base values are automatically applied after Calibration Step 
c) If required Max Counts or Base Counts can be changed whereafter the Table Values 

should be calculated and applied. 

 
Step 4: Inspect the channels  
Check if the “Max Counts” selected for this application is reached (default = 1500). The base 
values or the Max Counts can be adjusted if this is not the case. Repeat Step 1-3 after the base 
values are adjusted.  
Step 5: Obtaining the phase angle calibration constants 

a) Click on Sensor Hall Settings 
b) The phase angle calibration constants The Sin phase and Cos phase are the two 

constants which are written to the device.  
c) The phase (displayed in degrees) can also be used to obtain both of these constants. 

a 

b 

c 

Calibration Table 
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If the user is satisfied an h-file can be generated which includes the Hall ATI Settings for each 
IC. Click on Export H File 
If this calibration is done on a product the constants obtained from the calibration can be used 
for projects with the same physical layout and magnet. This means that only one calibration is 
needed per product. 

11.2.3 MCU Implementation 
Before implementing the calibration data on an MCU the procedure described in Section 11.2.2 
should be followed. Implement the steps below during initialisation of the MCU. 

1. Power-up 
2. Read the calibration index from Floating Gate 3.  

a. I2C Start 
b. Write 0x13 to register 0xF0 
c. I2C Stop 
d. I2C Start 
e. Read from register 0xF1 and store calibration data 
f. I2C Stop 

3. Use the lower nibble of the floating gate to find the Hall ATI Settings in the Hall Wheel 
Calibration Table Values in the exported h-file from Section 11.2.2. 

4. Write the Hall ATI Settings to registers 0x72 and 0x73 during setup of the IC. 
5. Write the Cos and Sin constants to registers 0x79 and 0x7A. 

For example:  

 Lower nibble of Floating Gate 3 is 0x07. 

 The exported Hall Wheel Calibration Table Values: 
/* Hall Wheel Calibration Table Values */ 

a 

b 

c 
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const static uint8_t Ch2_3_HALL_ATI_SETTINGS[] = {0xD0, 0xD3, 0xD5, 0xD6, 0xD8, 0xD0, 
0xD3,  0xD5, 0xD6, 0xD8, 0xD0, 0xD3, 0xD5, 0xD6, 0xD8}; 

const static uint8_t Ch4_5_HALL_ATI_SETTINGS[] = {0xCF, 0xD1, 0xD3, 0xD4, 0xD6, 0xD0, 
0xD2, 0xD4, 0xD6, 0xD7, 0xD2, 0xD4, 0xD6, 0xD8, 0xD9}; 

 The 7th value of each table is 0xD3 and 0xD2. 

 During initialization write 0xD3 to register 0x72 and 0xD2 to register 0x73. (Hall ATI 
Settings) 

 During initialization write 0x83 to register 0x79 and 0xDA to register 0x7A. (Phase 
Angle Constants) 

 

11.2.4 How to calculate the phase angle using the raw data 
There are two Hall Plates that make up the sensor, separated by a fixed distance in the IC package, 
as described previously. These plates, designated Plate 1 & Plate 2, each have two associated data 
channels that sense the North-South magnetic field coincident on the plates. 
For Plate 1: CH2 is the non-inverted channel, and CH3 is the inverted channel. 
For Plate 2: CH4 is the non-inverted channel, and CH5 is the inverted channel. 
E.g. on Plate 1, if CH2 increases in value in the presence of an increasing North field, then CH3 
decreases in value in the presence of an increasing North field. 
The phase delta observed between the plates can be calculated from either the non-inverted, or the 
inverted channel pairs. 
To calculate the phase delta: 
Symbols 

 Non-inverted channel of Plate n:  

 Inverted channel of Plate n:  

 Max value of the channel 

 Min value of the channel 

 Phase observed between the plates 
 
Calculations 

To calculate the phase, for at least one full rotation of the magnet, capturing all four channels: 
First normalize the data for each channel, to obtain. 

 

The data will now range between 0 – 1.  
For the non-inverted pair:  sample both channels where . With 
these values, the phase delta can be calculated: 

 
Likewise, the phase delta can be calculated from the inverted pair:  sample 
both channels where . 
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And, while the phase angles are theoretically equal, due to misalignments, . 
To increase accuracy of the observed phase, the two calculated phases can be averaged, 
leading the final Observed phase as: 

 

NB: Remember that  are evaluated at . While separately,  are 
evaluated at . Even when used together in Equation (4). 
The IQS625 uses this phase delta as a constant to calculate the angle. The phase delta is saved 
on the IC after it has been converted to  and . This is done to lessen 
computations and memory usage on the chip. 
This means that if the phase were to change, the constants would need to be recalculated. If 
the application of this IC ensures nothing or little movement, the master device would only need 
to write the values each time the IC resets and would not need to re-calculate it. Making it 
possible to calculate the phase delta once before production and using that value for the 
application. 
An example of well aligned channels, the phase offset visible between the inverted and non-
inverted channel pairs of the two plates: 

 
 
Experimentally, jog the XYZ alignment of the magnet relative to the IC and perform at least one 
full rotation of the magnet, assess the peaks of the channels; repeat this until all channels have 
approximately the same amplitude.  
To change the sensitivity of the ProxEngine to Magnetic Field Strength, the ATI parameters on 
the IC can be adjusted as described in the following section.  
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11.3 Appendix C: Hall ATI 
Azoteq’s ProxFusion® Hall technology has ATI Functionality; which ensures stable sensor sensitivity. 
The ATI functionality is similar to the ATI functionality found in ProxSense® technology. The 
difference is that the Hall ATI requires two channels for a single plate.  
Using two channels ensures that the ATI can still be used in the presence of the magnet. The two 
channels are the inverse of each other, this means that the one channel will sense North and the 
other South. The two channels being inverted allows the capability of calculating a reference value 
which will always be the same regardless of the presence of a magnet. 

11.3.1 Hall reference value: 
The equation used to calculate the reference value, per plate:  

 

11.3.2 ATI parameters: 
 

The ATI process adjusts three values (Coarse multiplier, Fine 
multiplier, Compensation) using two parameters per plate (ATI 
base and ATI target). The ATI process is used to ensure that 
the sensor’s sensitivity is not severely affected by external 
influences (Temperature, voltage supply change, etc.).  

11.3.3 Coarse and Fine multipliers: 
In the ATI process the compensation is set to 0 and the coarse 
and fine multipliers are adjusted such that the counts of the 
reference value  are roughly the same as the ATI Base 
value. This means that if the base value is increased, the 
coarse and fine multipliers should also increase and vice 
versa.  

11.3.4 ATI-Compensation: 
After the coarse and fine multipliers are adjusted, the 
compensation is adjusted till the reference value  
reaches the ATI target. A higher target means more 
compensation and therefore more sensitivity on the sensor.  
The ATI-Compensation adjusts chip sensitivity; and, must not 
be confused with the On-chip Compensation described below. 

On-chip Compensation corrects minor displacements or magnetic non-linearities. This 
compensation ensures that both channels of each plate – which represent North and South 
individually – have the same swing. On-chip compensation is performed in the UI and is not 
observable on the raw channel data. 
The ATI process ensures that long term temperature changes, or bulk magnetic interference (e.g. 
the accidental placement of another magnet too close to the setup), do not affect the sensor’s ability 
to detect the rotating magnet. 
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11.3.5 Recommended parameters: 
There are recommended parameters to ensure optimal use. Optimally the settings would be set up 
to have a max swing of 1000 from peak to peak and a reference value below 1000 counts. This 
should not be confused with the Max Counts explained earlier. 
The recommended parameters are: 

 ATI Base: 100 or 150  
 ATI Target: 500 – 1000 

It is not assured that these settings will always set up the channels in the optimal region but it is 
recommended to rather adjust the magnet’s position a little as this also influences the signal 
received. If the magnet is too close to the IC the swing will be too large, and thus it is recommended 
to increase the distance between the IC and the Magnet. Refer to Appendix B: Magnet calibration 
for more information when choosing the ATI target. 

11.3.6 On-Chip Compensation 
During a rotation of the magnet, the chip tracks important positions, 0/360° and 180°, as well as 
the MIN & MAX positions of the two plate equations  
Because the chip requires that the channels are aligned to the same amplitudes, the on-chip 
equations are as follows: 

 

 

 

The Compensation Constant  is tracked as: 

 

With R updated as 

 

The update is only applied under certain conditions, both the  or  of  
before crossing either 0° or 180° in a portion of the rotation. This means if the device wiggles 
between 150° & 200°, but does cross both maxima, the compensation is not updated. 
At start-up, there is no compensation available and  
NOTE:  After calibration, a rotation of the magnet is required to update the compensation value. 


