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The IDS3010 [1] comes with an Automatic System 

Compensation for periodic nonlinearities with high degree of 

adaptivity. Additionally, the IDS3010 provides a Non-Linearity 

Compensation Feature with a LUT Compensation that can be 

used to further reduce the periodic nonlinearities when they 

show little variation during the measurement. This technical 

note gives a description of the Automatic System Compensation 

and LUT Compensation of the IDS3010 and shows how nm 

accuracy can be achieved in typical user setups with C7.6 and 

C1.6 sensor heads. Further it provides optimization options and 

setup recommendations for an optimal use of the Automatic 

System Compensation and LUT Compensation. 

Why Periodic Nonlinearities matter for 

Precision Engineering 

In highly demanding systems—ranging from advanced 

microscopes to die bonding and fiber array alignment 

equipment, customers often need to analyze nanoscopic 

structures with multiple points of interest or locate a specific 

point based on an external reference. For these applications, 

single-digit nanometer positioning accuracy, not just 

repeatability, is critical. One major challenge impacting 

accuracy is the presence of periodic nonlinearities, which 

distort structural arrangements and require time-consuming 

post-processing. Additionally, these cyclic errors within high-

speed closed-loop stage applications can cause uneven or 

oscillating motion, perceived as vibrations during movement. 

Therefore, understanding and minimizing nonlinearities is 

absolutely essential for demanding semiconductor, 

synchrotron, and standardized metrology applications. 

Understanding Periodic Nonlinearities  

Periodic nonlinearities (Figure 1) are inherent to 

interferometers based on all optical displacement 

measurement principles. They introduce position-dependent 

systematic deviations that limit the achievable accuracy at the 

nanometer scale and contribute to the measurement 

uncertainty. While Michelson interferometers usually show 

larger periodic nonlinearities from non-orthogonality between 

the bands that build the Lissajous figure due to the additional 

reference arm [2], Fabry-Pérot interferometers are more 

sensitive to periodic nonlinearities that originate from multiple 

reflections between target and fiber end. Besides these types of 

periodic nonlinearities there are further types of periodic 

nonlinearities present in Michelson and Fabry-Pérot 

interferometers coming from sources like ghost reflection, 

electronics or laser signal generation and processing [2]. To 

mitigate these effects, interferometer systems typically apply 

offset and gain correction, and in some cases additional phase 

compensation or calibration tables, to restore nanometer-level 

accuracy. 

 

 

 

Measurement of Periodic Nonlinearities 

The periodic nonlinearities shown in this technical note were 

measured based on a linear movement of the target (Figure 2). 

This allows to separate the movement from the periodic 

nonlinearities, as the frequency ranges are well separated. The 

linear stage was chosen to move with a high degree of linearity 

and was driven with closed loop control. A low pass filter was 

applied to the measured displacement to obtain a nonlinearity-

free reference displacement. This was then subtracted from the 

displacement measured by the IDS3010 to obtain the periodic 

nonlinearities over time. As only the periodic nonlinearities are 

relevant, the nonlinearities were averaged over one period 

length of the nonlinearities (Figure 3). This allows to remove 

noise and remaining trends from nonlinear movements of the 

linear stage from the periodic nonlinearities over time. As a 

measure for the size of nonlinearities, the peak-to-peak (p-p) 

value of the averaged periodic nonlinearities was calculated.  

To verify measurement accuracy, the extracted reference 

displacement was analyzed (Figure 4). Remaining periodic 

nonlinearities of the first 4 harmonics were assured to be below 

0.1 nm p-p. Further the measured displacement was checked 

for linearity and vibrations (Figure 5).  

Figure 1: Periodic nonlinearities in displacement measurement. 

Simulated linear displacement and displacement with periodic 

nonlinearities (top) and displacement error form periodic 

nonlinearities (bottom). The period of periodic nonlinearities is 765 

nm which is half of the laser wavelength 1530 nm of the IDS3010. 

 

 Table 1: Example for a table description 
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Compensation of Periodic Nonlinearities 
The IDS3010 comes with an Automatic System Compensation 

for periodic nonlinearities with high degree of adaptivity, that, 

besides normalization with gain and offset, accounts for 

nonlinearities caused by non-orthogonality between the bands 

that build the Lissajous figure as well as nonlinearities caused 

by multiple reflections between target and fiber end. The 

Automatic System Compensation automatically runs during 

measurement and accounts for variation of periodic 

nonlinearities. The setOptimizeParametersDuring 

Init option for the initialization allows to further optimize 

periodic nonlinearities for the current measurement, when 

initialization is possible above 150 mm absolute distance. This 

is achieved by fitting further compensation parameters in the 

initialization. Using the additional Optimized Linearity Mode 

periodic nonlinearities can be further reduced at short 

distances. 

Additionally, the IDS3010 provides the Non-Linearity 

Compensation Feature with a LUT Compensation. This can be 

used to further reduce the periodic nonlinearities when setup, 

alignment, target angle etc. stay rather stable and there is little 

variation of the periodic nonlinearities during the 

measurement. When applied by the user, periodic 

nonlinearities are measured at a certain distance and saved in 

a look-up table (LUT). The LUT can then be used to compensate 

for the periodic nonlinearities during measurement. The LUT 

Compensation always runs on top of the Automatic System 

Compensation. 

                 

                

            

               

                         

Figure 3: Examples of measured periodic nonlinearities. 

 

 Table 1: Example for a table description 

Figure 2: Measurement setup.  

A linear stage moves the target relative to the sensor head. The IDS 

3010 measures the linear movement of the target. The sensor head 

can be positioned at different working distances form the target 

using a linear actuator. 

 

 Table 1: Example for a table description 

Figure 4: Remaining periodic nonlinearities in reference 

displacement.  

The peak amplitudes of the compensated (Automatic System 

Compensation) and reference displacement, A_c and A_r 

respectively, were obtained by integrating the power spectral 

density (PSD) over the plotted frequency range with trapezoidal 

rule to get the power 𝑃 and then calculating the peak amplitude as 

√2𝑃.  

The frequency of the first harmonic of the periodic nonlinearities 

depends on the velocity of the displacement and the period of the 

periodic nonlinearities. With a constant velocity of 700 µm/s of the 

linear stage and a period of 765 nm of the periodic nonlinearities, 

the frequency of the first harmonic of the periodic nonlinearities is 

700µm/s/765nm = 915 Hz. 

 

 

 Table 1: Example for a table description 

Figure 5: Preservation of motion.  

To make vibrations visible and remove edge artefacts a third order 

polynomial was used to remove the trend from the measured and 

reference displacement. The peak amplitudes of the compensated 

(Automatic System Compensation) and reference displacement as 

well as their difference, A_c, A_r and A_cmr respectively, were 

obtained by integrating the power spectral density (PSD) over the 

plotted frequency range with trapezoidal rule to get the power 𝑃 

and then calculating the peak  amplitude as √2𝑃 

 

 

. 
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The Non-Linearity Compensation Feature further provides a 

diagnostic tool, that allows to measure the periodic 

nonlinearities. This is accessible via the 

analyzeNonlinearities function and can be used e.g. to 

measure the remaining periodic nonlinearities of the Automatic 

System Compensation or the LUT Compensation at certain 

distances over the measurement range. 

The Automatic System Compensation allows to compensate 

large part of the periodic nonlinearities in most cases  (Figure 6, 

7) The remaining nonlinearities after Automatic System 

Compensation with Optimized Nonlinearity Mode and 

setOptimizeParametersDuringInit option were 

measured for a C7.6 and C1.6 sensor head. For the C7.6 on 

corner-cube the periodic nonlinearities stayed below 2 nm p-p 

with an average of about 2 nm p-p (Figure 6). For the C1.6 on 

mirror periodic nonlinearities stayed below 10 nm p-p with an 

average of about 3 nm p-p (Figure 7) Lowest periodic 

nonlinearities can be achieved above about 100 mm absolute 

distance in Optimized Nonlinearity Mode and above about 200 

mm in High Speed Mode.  

 

 

 

 

 

 

 

Using the LUT Compensation, periodic nonlinearities can be 

further reduced for applications with a stable setup and little 

variation of alignment, target angle etc. For the two setup 

configurations in Figures 6 and 7, the LUT for the LUT 

Compensation was obtained at each position before the 

measurement and the nonlinearities in a movement range of 

about 150 µm were obtained during measurement.  

The Non-Linearity Compensation Feature currently provides the 

possibility to generate the LUT at a certain position, that can 

then be used during the measurement. This LUT is only valid as 

long as periodic nonlinearities do not change. As periodic 

nonlinearities can change over the travel range due to 

alignment and target angle changes etc., using LUT 

Compensation can also increase measured periodic 

nonlinearities at certain positions. Read the Optimization 

Options & Setup Recommendations section for optimal use of 

the Non-Linearity Compensation Feature in combination with 

Automatic System Compensation. 

 

 

 

 

 

 

Optimization Options & Setup 

Recommendations  

The size of the remaining nonlinearities strongly depends on 

factors like sensor head and target choice, alignment, target 

angle etc. Consider the following optimization options and 

setup recommendations to keep periodic nonlinearities at a 

minimum. 

- A stable setup with little variation of target angle and 

alignment signal can help to keep periodic nonlinearities 

constant and low. 

- When using setOptimizeParametersDuring 

Init in the initialization, the absolute distance should be 

larger than 150 mm during initialization and the target 

should be stable. The use of this option is recommended 

when measuring with M12/C1.6 sensor head on mirror. 

Figure 6: Nonlinearities p-p for IDS3010 A03 with sensor head 

M12/C7.6-wf on room temperature corner cube retroreflector with 

0.5dB attenuator. 

Automatic System Compensation and LUT Compensation were 

done in Optimized Nonlinearity Mode with setOptimize 

ParametersDuringInit option. 

The position of the initialization and the call of the setOptimize 

ParametersDuringInit function is shown by the vertical 

dashed line. 

Figure 7: Nonlinearities p-p for IDS3010 A03 with sensor head 

M12/C1.6-wf on aluminum coated  mirror with 1dB attenuator 

Automatic System Compensation and LUT Compensation were 

done in Optimized Nonlinearity Mode with setOptimize 

ParametersDuringInit option. 

The position of the initialization and the call of the setOptimize 

ParametersDuringInit function is shown by the vertical 

dashed line. 
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- Best periodic nonlinearity compensation can be achieved 

at absolute distance larger than about 100 mm in the 

Optimized Linearity Mode and about 200 mm in the High 

Speed Mode - the Automatic System Compensation shows 

lowest remaining periodic nonlinearities and the LUT 

Compensation works well over a larger displacement 

range.  

- Note that the absolute distance measured by the IDS3010 

differs from the working distance by the internal length of 

the sensor head. 

- When using more than one measurement axis, we 

recommend to keep them at the same distance. When the 

distance of different axes varies a lot, we recommend to 

use the IDS3010 with only one axis for minimal periodic 

nonlinearities. 

- Periodic nonlinearities tend to be lower and more constant 

when using a retroreflector in combination with a 

collimated sensor head. 

- The alignment should be 600 – 900 ‰. Try to maximize the 

signal and keep the target angle low. When the alignment 

signal is in overload, use an attenuator and maximize the 

signal with attenuator attached. Do not lower the 

alignment signal by changing the angle between sensor 

head and target. 

- The target has to be stable during initialization and the use 

of createLut and analyzeNonlinearities. 

- When using focussed sensor heads, we recommend to use 

the Optimized Linearity Mode, due to the short distances. 

- After a beam interrupt the compensation requires a 

movement of a couple of µm to recalibrate. In case an 

error persists a reset with renormalization option can be 

done to get back to an error free state. 

- When the Non-Linearity Compensation Feature is 

activated, the function analyzeNonlinearities can 

be used to measure the periodic nonlinearities at the 

current position with nm accuracy. Achievable accuracy 

depends on the stability of the setup. 

- We recommend the following procedure. 

o After alignment, measure the periodic 

nonlinearities using the function 

analyzeNonlinearities at different 

positions over the measured distance range.  

o When periodic nonlinearities are too large 

optimize the setup or alignment. 

o Check the periodic nonlinearities with the 

function analyzeNonlinearities again. 

- LUT Compensation can provide an improvement over 

Automatic System Compensation when periodic 

nonlinearities stay constant during the measurement. A 

stable setup with little variation of alignment and target 

angle can positively affect the size of periodic 

nonlinearities and the range in which the LUT 

Compensation is valid. 

- When using the LUT Compensation we recommend the 

following procedure. 

o After alignment, measure the periodic 

nonlinearities using the function 

analyzeNonlinearities at different 

positions over the measured distance range.  

o Create the LUT for the LUT Compensation at a 

distance, where the periodic nonlinearities are 

representative for the measured distance range. 

o Check the periodic nonlinearities with the 

function analyzeNonlinearities again. 

Our application development team can help you find the 

optimal configuration for your needs. 

Conclusion 
Periodic nonlinearities are inherent to interferometers based 

on all optical displacement measurement principles and their 

impact on accuracy on nanometer scale primarily depends on 

the measures taken to reduce them.  

The IDS3010 features a highly adaptive Automatic System 

Compensation that corrects nonlinearities caused by non-

orthogonality as well as multiple reflections between the target 

and fiber end. The Optimized Linearity Mode directly influences 

the laser signal generation such that nonlinearities are already 

minimized at their source. The effect of this is particularly 

effective at short distances. In addition, the IDS offers a Non-

Linearity Compensation Feature for static correction, enabling 

further reduction of periodic nonlinearities under stable 

conditions. Furthermore, this feature also allows measurement 

of the residual dynamically and statically compensated 

nonlinearities at a specific position, providing valuable feedback 

for the application. 

Exemplary measurements with collimated sensor heads and 

various target configurations demonstrate that Automatic 

System Compensation reduces periodic nonlinearities to an 

average level of only 3 nm p-p (Figures 7 and 8). With additional 

LUT Compensation, local reduction to < 2 nm p-p on average is 

achieved. 
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