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ET Pathfinder
▪ ETpathfinder is an R&D infrastructure for testing and prototyping innovative concepts 

and enabling technologies for the Einstein Telescope

Main Tasks:

New Temperature, i.e., Cryogenics

New Mirror Material, i.e., Silicon

New Wavelength, i.e., 1550 - 2100 nm

Advanced Quantum Noise Reduction Techniques
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ET Pathfinder
▪ Seismic Attenuation Systems are crucial to monitor and steer the ETpf operation with 

a minimal noise level. Position sensors combined with voice coil actuators are widely 
used in the detector.
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LVDT’s
▪ High-precision position sensor that converts linear displacement into an electrical 

signal through the principle of mutual induction. → Linear variable differential transformer

Outer Coils: pick up induced current

Inner Coil: 10kHz input current

4

Type F: LVDT for Bench Tower 



LVDT’s
▪ LVDTs can be combined with Voice Coil actuators.

Add magnet + send DC current through outer coils:  device acts as Voice Coil while LVDT function can remain.

Outer Coils

Magnet

Inner Coil
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Type F: LVDT for Bench Tower Type A: Large LVDT+VC combinations 



Test Setup Construction
▪ We are working on the design and construction of the test setup in Antwerp to 

measure new prototype LVDT systems.

- Laser Displacement Sensor
the precision is up to 25nm

- Precision linear stages to control inner coil movement
precision: vertical ~ 0.2 𝜇𝑚 ; horizontal~ 10 𝜇𝑚

- Mount for LVDT/VC coils

- Precision weighing instrument to measure the VC force
precision: 0.0001 g ~ 9.8*10^(-7) N 
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Test Setup Construction
▪ We are working on the design and construction of the test setup in Antwerp to 

measure new prototype LVDT systems.

- Voice Coil driver & sense Amplification board
- voice coil signal input (diff input from DAC)

- input for 10 kHz pick-up signal from LVDT secondary coils
- output of force current to LVDT secondary coils

- differential output for 10 kHz LVDT-readout combined with 
force-current monitoring (diff output to ADC)

- DAQ BOX 
- an electronic system used for data acquisition and control
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Relation of LVDT Response & Inner coil position

▪ First check of the LVDT response versus inner coil position. We got the result from 
experimental measurement and FEMM [Finite element magnetics method] 
simulation.
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Preliminary measurement result



Relation of LVDT Response & Inner coil position

▪ First check of the LVDT response versus inner coil position. We got the result from 
experimental measurement and FEMM [Finite element magnetics method] 
simulation.
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FEMM simulation result 



Noise level of the Amplification Board
▪ In theory, the precision of LVDT is limited by electronic noise. So we investigate the 

noise level in our system and focused on our Amplification Board.

▪ Feed a resistor (R = 100ohm) into TINA-TI and simulate the noise of the amplification board.

▪ Connect a resistor (R = 100ohm) with the board and measure the noise of the amplification board.
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Simulation:1.45μV/sqrt(Hz) 
Measurement: 1.7μV/sqrt(Hz)

Simulation:0.14mV
Measurement: 0.16mV

Preliminary results 



Sensitivity of LVDT
▪ Using the simulated LVDT response, we calculate the sensitivity of LVDT in m/sqrt(Hz).

▪ For the coil (L=25.77mH ) we have: 4.08 V/mmA signal response, with 0.02A excitation this is 81.6 V/m.

▪ To get the correct sensitivity, we multiply the signal with the gain factor of the Amp-board which is G = 34.

Sensitivity at 10kHz: ~ 0.5nm/sqrt(Hz)
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Preliminary results 



Summary and Future Plans
▪ Summary

▪ A dedicated measurement setup at the University of Antwerp is constructed, which can be used to 
characterize different designs of  LVDT+VC combinations. 

▪ Finite element method magnetics simulations of LVDTs & Analog circuit simulations of the 
electronics of the DAQ system are ongoing.

▪ Preliminary results of LVDT response relation and noise analysis of the electronics are available.

▪ Plans:

▪ Keep contributing to the construction of the seismic attenuation system of ETpathfinder.

▪ Upgrading our measurement setup and developing new designs of position sensors for future 
detector implementation.
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Thanks for your attention
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