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Introduction

QUANTUM-LIMITED 

SENSORS, I.E., 

WORKING AT THE 

SENSITIVITY LIMITS 

IMPOSED BY 

HEISENBERG 

UNCERTAINTY 

PRINCIPLE

EXPLORING THE 

BOUNDARY BETWEEN 

THE CLASSICAL 

MACROSCOPIC 

WORLD AND THE 

QUANTUM 

MICROWORLD 

QUANTUM 

INFORMATION 

APPLICATIONS 

(OPTOMECHANICAL 

AND 

ELECTROMECHANICAL 

DEVICES AS LIGHT-

MATTER INTERFACES 

AND QUANTUM 

MEMORIES)
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Start from scratch ...
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- silicon wafer (200um)

- PECVD --> SiNx

- etching --> window

- low stress --> low mechanical 

frequency



Start from scratch ...
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D. G: Lishan, K.D. Mackenzie

- during deposition

- after deposition
- thermal annealing (600 °C)

high stress --> high frequency



Start from 

scratch ...



- oscillator thermally excited (F – white noise)
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Start from scratch ...
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Start from one
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- high frequency and Q factor not the only requirement
- conductivity, density, mass …

--> additional layers needed!



Motivation



Develop a radiation pressure 

detector!
-measure momentum transfer

- high sensitivty



Start from one
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- PECS II System
Broad argon ion beam system designed to polish and coat 
samples for SEM imaging and analytical techniques.

--> Pt layer

Not working for large area membranes



Start from one
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- different thickness from nominal

SEM cross - section

Ellipsometry 45 nm + 13 Pt



Start from one
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FEM simulation 50 nm + 15 Pt

- discrepancy between simulation and experiment
- measured resonant frequency lower than 
simulation

- metallic layer introduces additional loss channel
- implantation of Pt atoms in Si3N4



Conclusion and outlook

M. Karuza PBC CERN 06.04.2022.

- test other coatings and techniques
- first tests with ALD

- optimized mechanical design

- promising sensors



Conclusion and outlook

DIRECTIONAL DARK MATTER 

DETECTOR- GALACTIC HALO

GRAVITATIONAL DETECTION CASIMIR FORCE 

MODIFICATION

M. Karuza PBC CERN 06.04.2022.



Michelson interferometer 

with homodyne detection



CAST – CERN Axion Solar Telescope



Detector@CAST



Conclusion
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Force calibration

- radiation pressure 

from 2 mW HeNe red 

laser

- 3 pN force / 

resolution ~fN



Dark Energy
- accelerated expansion of the Universe


