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Laser and Quantum Technologies

Quantum systems
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Lasers
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Basics of
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Miniature atomic clock
Infegration of a miniature atomic clock
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SMAC - Main building blocks

208 nm 216 nm
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Flat — miniature atomic clock PP

Waveguide

5.0 x 15.2
$40 mw (

X21.2 mm3
Cell @ IOOQC)
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Merging Orolia’s and CSEM’s expertises

J. Haesler, EPIC online meeting:
HH Csel I l Quantum Technology Meeting on Atomic | 06/10/2021
Clocks and Network Synchronization Copyright 2021


https://youexec.com/plus

MmacQsimal ata glance objectives

O1: Miniature Optically O2: Miniature Atomic (j( S ectroh me
Pumped Magnetometers (OPM) Clocks (MAC) L p iPrecision Timing Solutions

02.1: Flat form-factor, low-power
CPT MAC

01.1: Highly sensitive OPM
for biomagnetic applications
TF e

F LAG S H I p o . 01.2: Quantum-enhanced

OPM concept

02.2: Quantum-enhanced MAC
concept
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O4: Atomic GHz & THz
O3: Miniature Atomic Sensors and Vector Imagers

Gyroscopes (MAG)

04.1: Calibration-free
detection and vector imaging
of GHz and THz fields
|

03.1: (Spin) Nuclear Magnetic
Resonance Gyroscope

1 (coordinator) 2 Cine
cseMm g o & L . 03.2: Quantum-enhanced
accelopment  YTT ICFO® iitiiis! o2 T MAG concept
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04.2: Quantum-enhanced GHz
sensor

05.1: NO sensor

high TRL
lower TRL
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High performance compact clock

Based on Rb two photon transition at 778.1nm -> move to opfical
transition

Potential for compact system

Focus on clock technology for next generation of Galileo satellites 9

5 ZD 3/2, 5/2
5248 nm
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Rb 2 photon clock architecture
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Current frequency stability
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Photonics Integrated Circuits for clocks

» Platforms: SIN and Lithium niobate on insulator (LNOI)
- Nonlinear waveguides for spectral broadening

- Dichroic beam splitter and nonlinear waveguide on chip
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CSEM laser breadboard

Laser properties
- Frequency noise

SEED Laser Fiber output
- WGM resonator

) i collimator - RIN
<10kHz linewidth - Polarization ER

feedback loop FP-Frequency feedback loop Output Power
Stabilizer Stabilizer

Requirement Requirement
Maser ref. FC, counte Low frequency
Opt. ref. FC, PN tests Intermediate frequency

Interferometer I\Hﬂieahst:;eT::ct: limit.
Int. RIN limit. gh frequency
i T T ot noise limit
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LISA laser metrology center

» CSEM serves as metrology center for ESA

> NASA laser for characterization @ CSEM
S e = I
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Conclusions & outlook

Atomic (MEMS) cells at the heart of qguantum based insfruments

Atomic clocks, magnetometers and gyroscopes developed at CSEM

Continuous-wave and femtosecond lasers are essential

16

Metrology is key

Towards high performance, compactness, cost reduction and mass
production of guantum instruments
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Visit us on:;

Contact:
Steve Lecomte
CSEM SA, CH-2002 Neuchatel (Switzerland)


https://www.facebook.com/CSEMSA
https://www.linkedin.com/company/csem/
https://twitter.com/cseminfo
https://www.youtube.com/user/CSEMtechnologies
mailto:steve.lecomte@csem.ch
http://www.csem.ch/
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