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Introduction 

Precise displacement measurements rely heavily on 

understanding the system’s intrinsic noise behavior.  

attocube’s IDS3010 interferometer is engineered for  

high-resolution applications, where noise performance is 

influenced by several key factors: 

Noise sources intrinsic to the interferometer: 

• Laser phase noise (from the distributed feedback (DFB) 

laser) 

• Electronic noise (detector and electronics) 

• Signal alignment quality (fiber coupling efficiency,  

cavity finesse) 

 

External noise sources: 

• Working distance and beam geometry  

• Mechanical stability of the setup (e.g. vibrations) 

• Environmental conditions (thermal drift, air fluctuations) 

• Measurement bandwidth  

 

To properly assess the capabilities of a high-precision system 

like the IDS3010, it is essential to distinguish between noise 

originating from the device itself and external influences.  

This TechNote presents measurement data from typical 

laboratory setups to demonstrate how these factors affect 

performance and to provide users with realistic expectations 

under practical conditions. Our goal is to transparently show 

what is achievable under different scenarios and setups, rather 

than presenting idealized or purely theoretical cases. 

Measurement Setups and Results 
This TechNote presents noise measurements using two 

different setups to illustrate how environmental and 

mechanical conditions influence performance. The 

measurements were performed with the IDS3010-A03 

hardware. 

Setup 1: Large-Scale Ambient Environment 

This configuration represents a typical laboratory scenario 

without specific noise-reduction measures such as vibration 

isolation or climate control. A C7.6 sensor head was used in 

combination with a corner cube target mounted on a motorized 

stage placed on an optical table. The measurement was 

conducted with a bandwidth of 1 MHz via Ethernet streaming. 

No additional filters were applied during the measurement. 

Due to the open setup, environmental noise was present. 

Figure 2 shows amplitude spectral density (ASD) plots for five 

measurements at working distances ranging from 200 mm to 

1000 mm. As expected, the noise level increases with distance.  

 

Table 1 summarizes the Root Mean Square (RMS) noise values 

in the frequency range of 1 kHz to 10 kHz (1 sigma). Figure 3 

visualizes these 1 sigma RMS values and includes a linear fit. 

 

 

 

Figure 2: The graph presents amplitude spectral density 

(ASD) versus frequency for working distances between 200 

mm and 1000 mm under ambient laboratory conditions. All 

curves exhibit a decreasing trend with frequency, while the 

overall noise level increases with distance. Sample 

frequency 1 MHz, FFT block size 40000, Hanning window  

(50 % overlap). 

Figure 1: Experimental setup with a C7.6 sensor head and a 

corner cube retroreflector mounted on a motorized stage. 

The stage adjusts the working distance between 200 mm 

and 1000 mm during measurement. 
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Working Distance (mm) 
1 sigma RMS (nm) 

[1 kHz - 10 kHz] 

200 0.243 

400 0.402 

600 0.710 

800 0.799 

1000 0.940 

In a large-scale ambient laboratory environment without 

vibration isolation or climate control, the IDS3010 maintains 

excellent performance, with noise levels of only 0.940 nm RMS 

between 1 kHz - 10 kHz at a 1 m working distance. 

 

 

 

 

Setup 2: Compact Invar Cavity 

The cavity is a tube including a mirror and a sensor head which 

is packed on foam to protect it from vibrations and temperature 

influences as much as possible. This setup offers improved 

isolation from environmental influences, although 

measurements were still performed in air. The cavity, made of 

Invar, had a length of 40 mm. The measurement conditions 

were: 1 MHz bandwidth with Ethernet streaming.  

Figure 4 shows the displacement data of the cavity with the full 

bandwidth of 1 MHz. Figure 5 displays the ASD in the 100 Hz  

to 200 kHz range. No additional filters during measurement nor 

calculation were applied. 

 

 

 

 

Despite efforts to minimize external influences during 

measurement, environmental effects cannot be fully excluded 

or clearly distinguished from IDS noise. 

Table 2 shows the RMS noise values (1 sigma) of the Invar cavity 

setup for several frequency ranges. 

The compact Invar cavity setup, with a length of 40 mm, 

demonstrates superior mechanical stability and environmental 

isolation compared to Setup 1. It achieves ultra-low noise levels 

of 0.033 nm RMS between 1 kHz and 10 kHz. 

 

 

Table 1: The table represents the 1 sigma RMS (nm) 

between 1 kHz - 10 kHz for working distances between 

200 mm and 1000 mm. 

Figure 3: The graph shows the 1 sigma RMS noise values in 

the 1 kHz - 10 kHz range as a function of working distance 

for Setup 1, together with a linear fit. The RMS noise 

increases approximately linearly from 0.243 nm at 200 mm 

to 0.940 nm at 1000 mm. This trend confirms that larger 

distances result in higher noise levels under ambient 

conditions. 

Figure 5: The graph shows the amplitude spectral density 

(ASD) for a compact Invar cavity setup measured over the 

frequency range of 100 Hz to 200 kHz. The ASD decreases 

sharply at low frequencies and remains low across the 

higher frequency range, indicating effective isolation from 

environmental noise. Compared to the large-scale ambient 

setup, this configuration achieves significantly reduced 

noise levels, demonstrating the benefit of a well-designed 

setup. Sample frequency 1 MHz, FFT block size 40000, 

Hanning window (50 % overlap). 

Figure 4: Displacement data of the Invar cavity setup with 

the full measurement bandwidth of 1 MHz. 
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Working Distance 

(mm) 

1 sigma RMS (nm) 

1 kHz - 10 kHz 10 kHz - 200 kHz 

40 0.033 0.104 

Setup Stability  

Ensuring a stable setup is critical for achieving accurate and 

repeatable displacement measurements. The following 

measures help minimize the influence of external disturbances: 

• Avoid Vibrations: The setup must be shielded from 

mechanical vibrations (e.g. from nearby equipment). Any 

coupling of external noise can significantly affect the 

measurement signal. 

• Secure Components: All mechanical parts must be firmly 

fixed. Loose components can introduce micro-

movements that degrade measurement precision. 

• Vibration-Damped Table: The entire setup should be 

mounted on a vibration-isolated table or surface to 

prevent external mechanical disturbances from 

propagating into the system. 

• Environmental Control: The setup should be protected 

from temperature fluctuations, air currents, and pressure 

changes. Ideally, measurements are performed in 

vacuum or under controlled environmental conditions. If 

air fluctuations are present, a protective enclosure or 

hood should be used. 

• Fiber Stability: Optical fibers must be securely fixed along 

their entire path. Any movement or vibration of the fiber 

can mechanically couple into the sensor head, 

introducing unwanted displacement and noise into the 

measurement. 

• Signal Quality and System Configuration: A high-quality 

alignment signal (ideally > 500 ‰) is essential to maintain 

low noise levels. Additionally, the selected bandwidth, 

use of real-time output signals, and any applied filters can 

influence the overall noise performance and should be 

carefully configured based on the application 

requirements. 

 

 

Conclusion 
The noise performance of the IDS3010 interferometer has been 

evaluated across two distinct setups, each representing 

different levels of environmental control and mechanical 

stability. The results confirm that noise levels are strongly 

influenced by working distance and external conditions such as 

air fluctuations as well as mechanical vibrations. 

In a typical ambient laboratory setup without noise 

optimization, the IDS3010 demonstrates increasing noise with 

longer working distances. A more compact and mechanically 

isolated Invar cavity setup shows significantly reduced noise, 

highlighting the benefits of environmental shielding. 

These findings underline the importance of setup design and 

environmental control when aiming for ultra-precise 

displacement measurements. The IDS3010 offers robust 

performance across a wide range of conditions, and with 

appropriate optimization, it enables high-resolution sensing 

suitable for demanding applications in research and industry. 

Table 2: The table highlights the 1 sigma RMS (nm) values 

for two frequency ranges of the Invar cavity. 


