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Motivations & Applications
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Favor optical transitions over microwave: ↑ ν₀
Use narrow optical transitions (clean cell atmosphere): ↓ Δν

Reduce technical noise (use low-FM-noise lasers): ↑ S/N

Commercial microwave CSACs are compact and low-power, 

used in navigation, communications, instrumentation.
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Typical perfs: < 120 mW, < 20 cm3, a few 10-11 at 1 day 

Short-term limited by the laser (VCSEL) FM noise
Long-term limited by light-shifts and buffer-gas shifts

Probing optical transitions in microfabricated cells

*Note: Requires microcombs for optical to microwave conversion



Sub-Doppler spectroscopy

10/15/2025 3

Simple architecture: 1 laser + 1 vapor cell / No laser cooling, no UHV

High potential for miniaturization with MEMS cells and integrated lasers/photonics



State of the Art in Microcell Optical References
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Main techniques used

Linear absorption in buffer 

gas microcell

Saturated absorption (SAS)

Dual-frequency Sub-Doppler 

spectroscopy

Rb Two photon spectroscopy 

(DBR laser 778 nm)

(ECDL laser 778 nm)

Rb 780 nm + MTS

Q. Yang et al., Phot. Research 13, 8 (2025)
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Microcell-based optical references at FEMTO-ST

M. Callejo et al., JOSAB 42, 1, 151 (2025) E. Klinger et al., Opt. Lett. 49, 8, 1953 (2024)
E. Klinger et al., Appl. Phys. Lett. 126, 124003 (2025) 



Two-photon Rb optical reference at 778 nm 
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Fg=2, Fe=4 (87Rb)

Spectrum in the MEMS cell

Lorentzian width (MEMS cell) ~ 900 kHz
Collisional broadening due to contaminants



Spectroscopy and noise
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Sν = 6000 Hz2/Hz @ 160 kHz

σinter (1s) = 1 x 10-13

Intermodulation limitation

Sν = 2x104 Hz2/Hz @ 1 Hz

σy (1s) = 3.5 x 10-13

Stability at 1 s (prediction)

Signal Noise Laser FM noise

Limited by photon shot noise
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Short-term stability

M. Callejo et al., JOSAB 42, 1, 151 (2025) Short-term limits

1/Photon shot noise
Design of a new cell architecture
& physics package for enhanced 

atom number and photon collection

Reference 
(Cavity laser + comb + H-maser)

2/Laser FM noise (intermodulation)
New laser with lower FM noise



A new 778 nm laser
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Laser stabilized onto a WGM micro-optical resonator with integrated output optical amplifier

Limited by 
the comb servo

40 dB

Rb lines detected
OK for tunabilityContribution of the intermodulation effect refuced by 2 orders of magnitude 

100 Hz2/Hz @ 1 kHz



Cs atom 𝟔𝑺𝟏/𝟐 → 𝟕𝑷𝟏/𝟐 transition at 459 nm
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10 mm

J. Miao et al., Phys. Rev. Appl. 18, 024034 (2022)

𝜎𝑦 1𝑠 = 2.1 × 10−13

MTS Spectroscopy: Additional complexity (EOM)

Most results to date focus on near-IR transitions              

(Rb: 780–778 nm, Cs: 852–895 nm)

What about probing a blue transition?

Twice higher optical frequency (𝜈0)
Narrow natural linewidth (Δ𝜈) ~ 1 MHz

Progress of near-UV/blue lasers/optics (𝑆/𝑁)

Exploring the Cs atom 459 nm transition in

a MEMS cell in a simple SAS scheme
LEILA project

See also blue lasers from FOTON !! 



2025 First short-term stability tests
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Simple SAS scheme with retroreflected beam configuration (no power stabilization, no EOM, no MTS)

Beat-note between two quasi-identical laser systems

New MEMS cell with improved atmosphere: NEG + ASG windows

Cell with embedded NEG



Stability Results

Rb TPT 778 nm
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Conclusions and perspectives
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Conclusions

• Microcell-stabilized lasers in Cs/Rb vapor with stability in the low 10-13

range at 1 s.

• Short-term stability limited by laser FM noise and/or photon shot noise

• Evacuated Cs and Rb microfabricated cells with improved purity (NEGs)

• Cell temperature operation > 120°C (for >2 years without visible degradation)

Perspectives

• New cell geometries for enhanced signal, collection efficiency and purity.

• Use low FM noise and integrated chip-lasers for low SWaP devices

• Improved physics packages for better thermal/magnetic/mechanical stability. 

• Light-shift mitigation strategies

• Frequency shifts + Long-term stability tests

A large margin of progress remains.


