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About this document

Scope and purpose

This application note gives detailed information about how Infineon's 3D magnetic sensor is effectively used in
angular applications. Based on the angle measurement results of five TLE493D-W2B6 samples it is shown how
the angle accuracy is affected by various aspects such as magnet strength, temperature or timing and how the
application can be designed for the best performance.
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Everybody interested or working with Infineon's 3D magnetic sensor.
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1 Angle applications with a 3D magnetic sensor
Infineon’s 3D magnetic sensors measures the magnetic field in three dimensions: X, Y and Z.
In combination with a magnet the sensor can be used for position sensing in a variety of applications. Any two
out of three sensing directions can be used to calculate the angle of a magnetic field. The angle calculation is
the basis for many applications and may include:
• End of shaft rotation (e.g. human machine interfaces such es rotation knobs)
• Out of shaft rotation (e.g. rotor position)
• Joystick (parallel calculation of two angles, e.g. top column module)
• Linear movement in slide by configuration (e.g. valve position detection)
This application note focuses on the classic angular application, the end of shaft rotation. Nevertheless, the
given information may be helpful for any angular based application. Also visit the Infineon web page for further
dedicated application notes.
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Figure 1 3D magnetic sensor

1.1 End of shaft rotation
Figure 2 shows two possible configurations for an end of shaft angle measurement. On the left hand side, the XY
channel pair is used to determine the rotation angle of the magnet. This is the conventional setup as it is used
with many angle sensors.
The 3D magnetic sensor further enables the use of other channel pairs. The right hand side of Figure 2 shows an
angle measurement setup with the YZ channel pair. Similarly, the XZ channel pair can be used. This additional
degree of freedom allows the system designer to place the sensor to an alternative location and therefore may
reduce the system size or cost.
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XY YZ

Figure 2 3D magnetic sensor in end of shaft configurations

1.2 Measuring principle
This section gives a short overview about architecture of Infineon's 3D magnetic sensors in order to utilize them
efficiently.
The 3D magnetic sensors measures the magnetic field with two vertical and one horizontal Hall plate as it is
shown in Figure 3. All Hall plates are evaluated sequentially and converted into a digital value with a single ADC.
The results are stored in registers and can be read out via the digital interface. It is the task of the
microcontroller to calculate the absolute angle with the arctan function, out of the measured magnetic field
values. Also any further compensation is done by the controller.

Temperature

IBias XY

IBias Z

ADC

M
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X

Reg.-Map

SDA

L O G I C

SCL
/INT

X-Hall

Figure 3 Sensing principle based on the TLE493D-W2B6

The X and Y vertical Hall plates are designed to achieve a very high level of matching accuracy. This is especially
beneficial for angle measurements as they are sensitive to a relative error between both channels. Additionally,
X and Y have the same temperature drift characteristics. This makes the 3D magnetic sensor a very capable
sensor for angular measurements in XY direction within the full specified temperature range.
In contrary to X and Y, the Z channel is built as a traditional horizontal Hall plate. The difference in technology
reduces the matching between X to Z and Y to Z. From performance point of view it is preferred to use the XY
channel pair. The XZ and YZ channel pairs extend the possible uses of the sensor.
The approach with one ADC further improves the matching accuracy between all channels, but introduces a
delay between the magnetic measurements. This delay may lead to an angle error in fast rotating systems and
is further analyzed in the chapter Sample time error.
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1.3 Angle measurements in this application note
The data shown in this application note demonstrates the accuracy that can be achieved with Infineon's 3D
magnetic sensor. The sensors are measured in an angular test bench in which the sensors are rotated in a
mostly homogenous field. In this way the error contributed by a real magnet and displacement tolerances are
minimized. For an angle application with a magnet these system influences need to be considered as well. The
reference angle used for the error calculation is measured with a high accuracy rotary encoder.
The sensor is configured to full range mode for measurements with B > 100mT and to short range mode with B
<= 100mT.
All presented measurements were performed with the 3D magnetic sensor TLE493D-W2B6 A0. However, the
results are evenly valid for following products:
• TLE493D-W2B6 A1
• TLE493D-W2B6 A2
• TLE493D-W2B6 A3
• TLE493D-A2B6
• TLI493D-A2B6
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2 Angle accuracy without calibration
This chapter provides information about the angle accuracy that could be achieved without any calibration of
the sensor. It is shown how the accuracy is influenced by the chosen channel pair, the applied magnetic field
and temperature.

2.1 Raw data measurement
The 3D magnetic sensor measures the magnetic field in the three dimensions X, Y, and Z.
Figure 4 shows the sensor output for an angular measurement with the XY and YZ channel plotted over the
reference angle. Ideally, the used magnetic components have a sinusoidal waveform with 90° phase shift, while
the third component is zero. A microcontroller reads out the magnetic field data and performs further
calculation.

Figure 4 Raw data measurement for B=160mT and T=25°C

2.2 Basic angle accuracy
The basic angle accuracy of five sensors is presented for an applied magnetic field of B=160mT and at room
temperature T=25°C.
Depending on the used channel pair of the sensor, the magnetic angle α is calculated with one of the following
equations:

αXY = arctan By
Bx

αYZ = arctan Bz
By

αXZ = arctan Bz
Bx

Equation 1

If available, the software function arctan2() can be used to resolve 360°.
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To determine the angle error Δα the encoder reference angle Δαref is subtracted from the calculated angle α:

Δα = α − αref

Equation 2

Figure 5 shows the measured angle error of five samples for one clockwise and one anti-clockwise rotation.

Figure 5 Non-calibrated angle error waveforms for B=160mT and T=25°C

In case the XY channel pair is used, all five sensors achieve an angle error below 0.5 degree over the full rotation.
The accuracy for the YZ channel pair is a little less and varies more between the samples. This is due to a
reduced matching accuracy between Y and Z as described in the chapter Measuring principle. The X/Y to Z
matching is factory trimmed in rough steps, resulting in sample to sample spread. In this case the result is
better for the sensors 2, 3 and 4 than for the sensors 1 and 5. In the next chapter it is explained how the accuracy
is improved by an external calibration. Nevertheless, the non-calibrated angle accuracy in YZ direction is still
below 1.6 degree for all samples.
The XZ channel pair is not shown here, but the accuracy is similar to YZ .
Table 1 summarizes the results of each waveform by only extracting the maximum absolute angle error over the
full revolution.

Table 1 Maximum non-calibrated angle error for B=160mT and T=25°C for five samples

 Sample Worst case

#1 #2 #3 #4 #5

XY 0.17° 0.46° 0.32° 0.45° 0.19° 0.46°

YZ 1.51° 0.49° 0.29° 0.24° 1.18° 1.51°
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2.3 Dependency on the applied magnetic field
The correlation between angle accuracy and applied magnetic field is investigated. This information should
help to select the right magnet for a target application.
Measurements are executed for four different magnetic fields: B=10mT, 30mT 70mT and 160mT. For each
measurement the maximum angle error of the rotation is extracted and plotted in Figure 6. The numerical
results can be found in Table 2.

Note: B=160mT is measured in full range mode, while B=10mT, B=30mT and B=70mT are measured in short
range mode for higher resolution..Non-calibrated angle error vs. applied magnetic field for 5 samples
at T=25°C

Figure 6

Table 2 Non-calibrated angle error vs. applied magnetic field for 5 samples at T=25°C

 Magnetic
field B [mT]

Sample Worst case

#1 #2 #3 #4 #5

XY 10 1.00° 1.60° 1.17° 1.40° 1.33° 1.60°

30 0.32° 0.74° 0.51° 0.74° 0.59° 0.74°

70 0.22° 0.61° 0.34° 0.54° 0.31° 0.61°

160 0.17° 0.46° 0.32° 0.45° 0.19° 0.46°

YZ 10 2.84° 2.07° 2.03° 1.63° 2.32° 2.84°

30 1.75° 0.81° 0.91° 0.71° 0.45° 1.75°

70 1.61° 0.55° 0.47° 0.33° 0.24° 1.61°

160 1.51° 0.49° 0.29° 0.24° 0.18° 1.51°
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From the measurement data it can be seen that accuracy of all senors generally benefit from a higher magnetic
field. The best results can be achieved with the maximum magnetic field within the linear range of B=160mT.
Another major benefit of high magnetic fields is the reduced influence of external stray fields. For example, the
stray field robustness with a magnetic field of B=160mT is four times larger than with B=40mT.
Still, the wide linear range of the senor also allows it to be used in applications that require a much smaller
magnetic field. The main difference in accuracy comes from quantization, offset error and noise. While a very
low magnetic field is not recommended for high accuracy applications, it is still possible to achieve good results
by averaging the magnetic readouts, as described in the section Improved angle accuracy at low magnetic
fields.

2.4 Dependency on temperature
The application usually requires the sensor to be operated in a certain temperature range. The influence of a
temperature drift is presented below.
Figure 7 shows the maximum absolute angle error of five TLE493D-W2B6 samples for four temperatures
between -40°C and 125°C. The numerical values are also summarized in Table 3. The measurements are again
performed without calibration.

Figure 7 Non-calibrated angle error vs. temperature for 5 samples at B=160mT

Table 3 Non-calibrated angle error vs. temperature for 5 samples at B=160mT

 Temperatur
e T [°C]

Sample Worst case

#1 #2 #3 #4 #5

XY -40 0.15° 0.41° 0.43° 0.53° 0.37° 0.53°

25 0.17° 0.46° 0.32° 0.45° 0.19° 0.46°

85 0.24° 0.36° 0.22° 0.34° 0.21° 0.36°

125 0.25° 0.36° 0.26° 0.34° 0.25° 0.36°
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Table 3 Non-calibrated angle error vs. temperature for 5 samples at B=160mT (continued)

 Temperatur
e T [°C]

Sample Worst case

#1 #2 #3 #4 #5

YZ -40 1.78° 0.72° 0.75° 0.38° 1.66° 1.78°

25 1.51° 0.49° 0.29° 0.24° 1.18° 1.51°

85 1.86° 0.61° 0.83° 0.46° 1.69° 1.86°

125 0.52° 1.83° 1.26° 1.48° 0.44° 1.83°

The XY angle accuracy is only slightly affected by the temperature. The maximum absolute angle error is below
0.6° for all five samples over the full temperature range.
The YZ angle accuracy shows a larger temperature drift, especially at high temperatures. This is due to the
different temperature behavior of the vertical and horizontal Hall plate. Refer also to the chapter Measuring
principle. Still, the example shows that the five sensors achieve an angle accuracy below 2° over the full
temperature range.
The XZ channel pair is comparable to YZ.

2.5 Consolidated non-calibrated angle accuracy
This chapter gives a summary for all non-calibrated angular measurements.
Figure 8 shows the worst case angle error of five senors in XY and YZ direction for each measurement condition.
The diagram gives a overview of the angle accuracy which can be expected for different magnetic fields over the
full temperature range.

Figure 8 Non-calibrated max. angle error (worst case values of 5 samples)
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3 Angle accuracy with calibration
The angle accuracy of the sensor can be improved by calibration. This chapter first describes how the sensor
measurements are compensated correctly. Then it is shown how the necessary calibration parameters can be
derived. Finally, different calibration options are compared and the angle measurement results of five TLE493D-
W2B6 samples presented.

3.1 Compensation procedure
In this section, the compensation process of raw measurement data is described. As an example the XY channel
pair is used for the angle application. The compensation can be done likewise for any other channel pair.
For a 3D magnetic sensor the following parameters should be corrected by compensation:
• Offset (OX, OY)

• Amplitude (AX, AY)

How to derive these parameters is described in the next section.
The figure below illustrates the full compensation process.

Angle 
calculation

Amplitude 
compensation

Offset 
compensation

Bx

By

Calibration algorithm

Arctan

OX AX

By1 By2

Bx1 Bx2

α 

OY AY

/

/

-

-

Figure 9 Angle calculation with compensated measurement data

Step 1: Compensate offset

First, the measured data is compensated by subtracting an offset value.

Bx1 = Bx − OX

By1 = By − OY

Equation 3
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Step 2: Normalize amplitude

The resulting values of step 1 are further normalized to the same amplitude.

Bx2 =
Bx1
AX

By2 =
By1
AY

Equation 4

Step 3: Final compensated angle

After correcting the offset and amplitude mismatch, the resulting angle can be calculated using the arctan
function. If available, the software function arctan2() can be used to resolve 360°.

αcompensated = arctan
By2
Bx2

Equation 5

3.2 Determination of calibration parameters
A simple way to calculate the calibration parameters used for the compensation is the Min-Max method.
The Min-Max method does not require a reference angle and needs low computational effort. Hence, it is well
suited for an end of line or ongoing calibration as described in the next chapter. As the calculation only uses the
minimum and maximum magnetic field values of a rotation, it is sensitive to noise. For a higher accuracy of the
calibration parameter it is beneficial to introduce filtering or repeat the process several times.
For the maximum performance there are alternative calibration methods possible. For more information refer
to the "TLE5xxx(D) Calibration 360°" application note [3]. The same procedures could be applied for the 3D
magnetic sensor.

Step 1: Magnetic field measurement

Continuously measure the Bx and By magnetic field values and perform at least one full rotation of the magnet.
Store the maximum and minimum magnetic field measurements of the revolution. Depending on the sample
rate it is necessary to rotate the system in a moderate speed to get the peak values.
• Bxmin

• Bxmax

• Bymin

• Bymax

Step 2: Calculate the calibration parameter

The measured extreme values are used to calculate the calibration parameters for the offset and amplitude with
following equations:

OX =
Bxmax + Bxmin

2

OY =
Bymax + Bymin

2

Equation 6
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AX =
Bxmax − Bxmin

2

AY =
Bymax − Bymin

2

Equation 7
The calibration parameters are then applied to compensate the measurements like it is described in the section 
Compensation procedure.

3.3 Calibration options
There are different calibration schemes possible.
The single calibration describes the process when the calibration parameters are calibrated one time only. This
is usually done at the end of production line. The determined calibration parameters are then used in the
application and do not change with the temperature. Single calibration has the advantage of a relative low
effort, but does not compensate temperature drifts.
For a full calibration, the calibration process is repeated for several temperatures at the end of production line.
The calibration parameters as a function of temperature are stored in a look up table in the microcontroller.
During operation, the internal temperature sensor of the 3D magnetic sensor can be used to measure the
temperature and recall the corresponding calibration parameter. The values between two temperatures can be
interpolated. Note that the temperature steps at the calibration should not be too large, because the calibration
parameters as function of temperature might be non-linear. The full calibration yields a high accuracy, but has
the disadvantage of a significant higher effort as each sensor must be measured at several temperature points.
Another possibility is the ongoing calibration. Here the microcontroller continuously performs the Min-Max
calibration in the application. This method requires full turn revolutions at the same temperature to get the
calibration parameter. An ongoing calibration can achieve a high accuracy without the need of extensive end of
line calibration. However it is not possible in all applications and requires additional microcontroller processing
time.

Table 4 Comparison of different calibration methods, which are used in this application note

Non-calibrated • The reference angle is corrected to zero degree

Single Calibration • The reference angle is corrected to zero degree
• The calibration parameters offset and amplitude

error are measured at 25°C only
• All measurements are offset and amplitude

compensated with the calculated calibration
parameters at 25°C

Full calibration • The reference angle is corrected to zero degree
• The calibration paramters offset and amplitude

error are determined for all temperatures (either
end of line or by ongoing calibration)

• All measurements are offset and amplitude
compensated with the temperature specific
calibration parameters
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3.4 Angle accuracy results
This chapter shows the achievable angle accuracy with an amplitude and offset compensation. All results are
based on measurement results of five TLE493D-W2B6 samples.
The left side of Figure 10 shows the angle accuracy of the sensors in YZ direction without any calibration.
Especially the blue and purple curve show the effect of an amplitude mismatch.
By performing a amplitude and offset calibration, the angle error is significantly reduced for all samples as
shown on the right hand side.

Figure 10 Non-calibrated vs calibrated angle error waveforms for 5 samples, YZ, B=160mT and
T=25°C

In Figure 11 the described single and full calibration methods are compared to the non-calibrated angle error.
The calibration has little influence to XY angle accuracy. Even the non-calibrated samples achieve an angle
accuracy of below 0.6 degree over the full temperature range.
In YZ the angle accuracy can be significantly improved with calibration. A single calibration yields low angle
errors at the calibrated temperature. The error then increases with a temperature change. Especially for a
limited temperature range the accuracy can be improved with this method. With the five samples it is possible
to achieve an angle accuracy of below 1 degree if the temperature is limited to max. 85°C. The full or ongoing
calibration enables a low angle error over the full temperature range.
The XZ channel pair is not shown here, but the results will be comparable to YZ.
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Figure 11 Max. angle error for different calibration options vs. temperature for 5 samples at
B=160mT

3D Magnetic Sensor for Angle Measurements

Angle accuracy with calibration

Application Note 15 1.1
2018-08-21



4 Improved angle accuracy at low magnetic fields
The Hall based 3D magnetic sensor performs best at high magnetic fields. Additionally, any impact of magnetic
stray fields is reduced with a higher magnetic field. Nevertheless, it is still possible to improve the accuracy of
angle measurements at a low field which is demonstrated in this chapter.
As an example, Figure 12 shows angle error waveforms with the YZ channel pair for four different
measurements at B=10mT.

Figure 12 Angle accuracy at B=10mT (YZ)

In first plot the angle error is measured in "full range mode" without any calibration. As a result the angle error
is mainly influenced by quantization noise and the maximum angle error is about 2 degree.
In the second plot the sensor is reconfigured to "short range mode". The short range mode limits the maximum
measurable magnetic field, but effectively doubles the sensitivity of the sensor. Therefore the quantization
noise is reduced. Note that the short range mode slightly increases the measurement time.
In the third plot averaging is introduced. Each point is measured twenty times and the angle is calculated based
on the average magnetic field values. Averaging significantly increases the measurement time but improves the
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accuracy. Hence, it is recommend to use averaging for slow moving applications as for example human machine
interfaces.
In the fourth plot the averaged data is offset and amplitude calibrated. Note that at low magnetic fields also a
small offset error can cause a significant angle error. With the calibration, the angle accuracy is further
improved and in this example an angle error below 0.5 degree is reached.
As a summary the following measures should be considered in case a weak magnet has to be used in the
application:
• The sensor should be configured to short range mode, if the maximum magnetic field is within the specified

range
• The sensor output should be averaged
• If possible, the sensor should be calibrated
Still it is not recommended to use very low magnetic fields, such as the 10mT shown in this example. For further
information also refer to the chapter Dependency on the applied magnetic field.
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5 Timing analysis
The 3D magnetic sensor sequentially measures the magnetic field in three dimensions and transfers the raw
data to a microcontroller. In this chapter it is shown how this timing can be calculated and how it affects the
angle measurement of a rotating system.

5.1 Configuration example
Based on the requirements of an application it is possible to configure the 3D magnetic sensor in various ways.
For this analysis an example application is assumed that requires a XY angle measurement at a defined point in
time.
Table 5 shows a possible sensor configuration that can be used. By choosing the master controlled mode the
microcontroller is able to trigger the measurement when it is necessary. One option to start the measurement is
to transmit an empty write frame with the corresponding trigger bits. The clock stretching feature allows to
already start the data readout while the measurement is ongoing without the risk of data corruption. Disabling
the temperature and Z-channel measurement are means to reduce the conversion time. For detailed
information about the sensor options refer to the corresponding user manual [2].
Note that different sensor configurations enable other design goals, e.g. a high update rate or the measurement
with a different channel pair.

Table 5 Example configuration for a XY angle measurement

Power mode • Master controlled mode

I2C protocol • 1-byte read protocol

Further settings • Active clock stretching, deactivated /INT signal
• Full range sensitivity
• Disabled temperature measurement
• X/Y angular measurement

Figure 13 shows the timing of one measurement trigger and readout with the selected configuration. The
sensor is triggered with an I2C write frame and the measurement starts directly after the I2C stop condition. The
microcontroller then initiates a read command to the same sensor. After transmitting the address byte, the
sensors pulls the I2C clock pin to low for as long as the measurement is ongoing (clock stretching). Once the
ADC is finished, the clock line is released and the data is read out.
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Figure 13 TLE493D-W2B6 timing example

The following times are defined in the diagram:
tnew_trigger: Point in time when the microcontroller starts a new trigger command.

tnew_data: Point in time when the microcontroller finishes the readout of new sensor data.

tsample_Bx/By Equivalent sample time of the magnetic measurement.

tsample_α: Equivalent sample time of the angular measurement. It is right between the sampling times of
the used magnetic channel pair.

tRDn: Conversion time of one magnetic measurement. The exact timing depends if full or short
range mode is used and is defined in the product datasheet [1].

tADC_startup: Startup time of the ADC in the master controlled mode (typ. 7μs).

tI2C_trigger: Time interval between beginning of the trigger command and start of the ADC conversion.

tI2C_readout: Time interval between end of the ADC conversion and finished I2C data transfer.

5.2 Absolute time delay
In this section the absolute time delay for the given example configuration is evaluated. The time delay
depends on a reference time at which the angle data is needed. Two different time delays and their effect on a
rotating system are analyzed.

Time delay between the measurement trigger tnew_trigger and angle sample time tsample_α

The delay for the given example configuration can be calculated with the following equation:
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tsample_α − tnew_trigger = tI2C_trigger + tADC_startup + tRDn

where

tI2C_trigger =
nbits_trigger

f I2C

Equation 8
The trigger consists of the start condition, one address byte, one data byte (á 8 data and 1 acknowledge bits)
and the stop condition. The number of transmitted bits until the measurement starts is therefore given by
nbits_trigger = 1 + 2 ⋅ 8 + 1 + 1 = 20.

For an I2C speed of f I2C = 1 MHz and full range setting the total delay (typ.) is calculated as follows:

tsample_α − tnew_trigger = 20
1 MHz + 7µs + 43µs = 70 µs

Equation 9

Time delay between the angle sample time tsample_α and finished I2C data readout tnew_data

The delay for the given example configuration can be calculated with the following equation:

tnew_data − tsample_α = tRDn + tI2C_readout

where

tI2C_readout =
nbits_readout

f I2C

Equation 10
The data read out once the ADC has finished consists of 7 data bytes (á 8 data and 1 acknowledge bits) and the
stop condition. This equals to a total number of bits of: nbits_readout = 7 ⋅ 8 + 1 + 1 = 64.

For an I2C speed of f I2C = 1 MHz and full range setting the total delay (typ.) is calculated as follows:

tnew_data − tsample_α = 43 µs + 64
1 MHz = 107µs

Equation 11
In case the diagnosis information is not required by the application, the read frame can be ended after data4 to
reduce the delay of the data readout. Furthermore, if 8 bit resolution suffice for the application, the read frame
can be ended after data1, thus further reducing the total delay (typ.) to 62 us.

Angle error due to absolute time delay in a rotating system

The angle error Δαdelay caused by a time delay tdelay in a rotating system with constant speed can be calculated
with following equation:

Δαdelay = tdelay ⋅ f rotation ⋅ 360°

Equation 12

Table 6 lists the resulting angle errors for the previously calculated delay times for several rotation speeds.
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Table 6 Example angle error due to absolute time delay in XY direction (f_I2C = 1MHz)

Rotation per minute
[RPM]

Rotation frequency
[1/s]

Angle error by delay (typ.)

Trigger to sample time (70 μs) Sample time to finished data
readout (107 μs)

10 0.17 0.00° 0.01°

100 1.67 0.04° 0.06°

1000 16.67 0.42° 0.64°

10000 83.33 4.20° 6.42°

The angle error is constant for the full rotation. It can be compensated in case the rotation speed information is
known.

5.3 Sample time error
Besides the absolute time delay, the sample time error needs to be considered in fast moving angle
applications.
The sequential magnetic field measurement of X, Y and Z result in a slight timing mismatch of the individual
components. In Figure 13 the timing of an example measurement is shown. The sample time of a magnetic
measurement can be assumed in the middle of an ADC conversion and the sample time of the angle calculation
is right between the two used magnetic components.
The conversion time of the ADC can be found in the datasheet [1]. In full range mode the conversion time is
called tRDn and in short range mode tRDn_SR.

In a rotating system these sample time errors lead to an angle error which can be derived as follows:
Assuming an ideal rotating field in the XY plane, the magnetic field values for Bx and By can be calculated with
the sine and cosine function:

Bxideal t = B ⋅ sin 2π ⋅ f rotation ⋅ t

Byideal t = B ⋅ cos 2π ⋅ f rotation ⋅ t

Equation 13

Including the sample time error into the magnetic field equations results in the measured Bx and By values:

Bxmeasured t = B ⋅ sin 2π ⋅ f rotation ⋅ t −
tRDn

2

Bymeasured t = B ⋅ cos 2π ⋅ f rotation ⋅ t +
tRDn

2

Equation 14

The angle error caused by sample time mismatch can be calculated by subtracting the ideal from the measured
magnetic angle:

Δαsample_time_mismatch = αmeasured − αideal

Δαsample_time_mismatch = arctan
Bymeasured
Bxmeasured

− arctan
Byideal
Bxideal

Equation 15
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By inserting Equation 13 and Equation 14 into Equation 15, the angle error of a rotating system can be
determined. As an example the angle error is plotted over the reference angle for a rotating system with
constant 1000 and 5000 RPM in Figure 14.

Figure 14 Typical sample time error of a TLE493D-W2B6 in XY or YZ direction (full range mode)

In contrast to the time delay, the angle error caused by the sample time mismatch is not fixed, but changes
within one rotation.
The maximum angle error within a full rotation can be calculated with a simplified equation (valid for XY and
YZ):

max Δαsample_time_mismatch = 1
2 ⋅ tRDn ⋅ f rotation ⋅ 360°

Equation 16

Note: Due to the conversion sequence X-Y-Z it is recommended to use XY or YZ for the angle calculation. The
XZ channel pair has twice the delay between the magnetic component measurement and therefore
twice the sample time error as in the given equation.

Finally, the following table gives an overview of the maximum sample time over a full rotation error for different
maximal rotation speeds:

Table 7 Max. angle error within one rotation due to sample time mismatch (full range mode)

Rotation per minute
[RPM]

Rotation frequency
[1/s]

Max. angle error due to sample time mismatch (typ.)

XY or YZ channel pair XZ channel pair

10 0.17 0.00° 0.00°

100 1.67 0.01° 0.03°

1000 16.67 0.13° 0.26°

10000 83.33 1.29° 2.58°

The values show that the sample time error is only significant for very fast moving applications. For many target
applications of the 3D magnetic sensor, e.g. human machine interfaces, this effect can be neglected.
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6 Conclusion
General key aspects when designing an angular application:
• Infineon's 3D magnetic sensor is suitable for angle measurements in a variety of applications, for example

human machine interfaces such as joysticks or rotation knobs.
• The sensor provides magnetic field measurements. The angle has to be calculated by the microcontroller.
• Any two out of the three channels of a 3D magnetic sensor (XY, XZ, YZ) can be used to measure an angle,

providing flexibility in designs.
• The XY channel pair provides a higher angle accuracy than XZ and YZ.
• The angle accuracy as well as the stray field robustness generally benefits from a higher magnetic field.

With the Hall technology of the referenced sensors it is possible to use magnetic fields up to B=160mT. The
Infineon online simulation tool can be used to design a magnet with a desired magnetic field [4].

• Short range mode and averaging are measures to improve the angle accuracy at low magnetic fields.
• In fast rotating systems, angle errors originating from delay and from sample time mismatch have to be

considered.
Angle accuracy results in a homogenous magnetic field based on five samples:
• Measurements in XY show an angle accuracy below 0.6 degree over the full temperature range without

calibration at B=160mT.
• Measurements in YZ (XZ) show an angle accuracy below 2.0 degree over the full temperature range without

calibration at B=160mT.
• Calibration has only minor benefits on the sensors XY angle accuracy. It may be beneficial to compensate

positioning tolerances with a real magnet.
• For XZ and YZ a calibration is recommended for an increased angle accuracy. A single point end of line

calibration yields high angle accuracies at a limited temperature range. The best results can be achieved
with a full or ongoing calibration.

• The measurement results are valid for the TLE493D-W2B6, TLE493D-A2B6 and TLI493D-A2B6.

Table 8 Measured max. angle error, worst case values of five TLE493D-W2B6 samples

 B [mT] Non-calibrated Single calibration

T = -40°C T = 25°C T = 85°C T = 125°C T = -40°C T = 25°C T = 85°C T = 125°C

XY 30 0.73° 0.74° 0.88° 1.00° 0.69° 0.74° 0.90° 0.99°

70 0.57° 0.61° 0.57° 0.55° 0.53° 0.61° 0.59° 0.57°

160 0.53° 0.46° 0.36° 0.36° 0.47° 0.46° 0.39° 0.41°

YZ (XZ
similar)

30 1.95° 1.75° 2.22° 2.32° 0.92° 0.97° 1.43° 2.34°

70 1.90° 1.61° 2.00° 2.03° 0.75° 0.38° 0.88° 1.79°

160 1.78° 1.51° 1.86° 1.83° 0.71° 0.30° 0.82° 1.68°
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7 Related documents

[1] TLE493D-W2B6 datasheet

[2] TLE493D-W2B6 user manual

[3] TLE5xxx(D) Calibration 360° application note

[4] 3D magnetic sensor simulation tool
https://design.infineon.com/3dsim/#/
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