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Laser-atomic oscillator & Push-pull optical pumping
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Laser-atomic oscillator in frequency domain

Quantum picture: 
Photon pairs → atomic coherence → photon pairs → amplified by 
gain element → cycling.

Semi-classical picture: 
Photon spin (circular polarization) modulation → atomic spin 
oscillation → photon spin (circular polarization) modulation → 
amplified by gain element → cycling.
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Priorly demonstrated 39K laser-atomic oscillator (LAO)
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Oscillation signals of the 39K-LAO

An LAO can also be an earth-field, high-sensitivity 
(e.g., ~50 fT/Hz1/2 from -100 dBc/Hz phase noise), 
and high dynamic range atomic magnetometer. 
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Why cesium laser-atomic oscillator?

• Since the first, highly miniaturized atomic clock “Chip-Scale Atomic Clock (CSAC)” was 
commercialized in 2011, the desire of pursuing low size, weight, and power (SWaP) 
atomic-clock devices continues.

• CSAC is a passive atomic clock, and the complexity of its peripheral electronics leads 
to a volume ≥ 15 cm3, about the size of a matchbox, not truly “chip-scale.”

• An LAO is an active atomic clock, and its simplicity eliminates major SWaP burdens, 
e.g. a local oscillator, a microwave synthesizer, the clock-loop control electronics, and 
a possible atoms/ions trapping mechanism in a general passive atomic clock.

• For an LAO device, only one of the device dimensions has to match the microwave 
transition wavelength, and therefore, it greatly reduces the device volume.

• By changing atomic species from 39K to 133Cs for making an LAO, the large cesium 
hyperfine frequency at 9.2 GHz can in-principle leads to a 133Cs-LAO with a very 
small size (≤ 0.1 cm3), a true chip-scale atomic clock.
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Advantages of cesium laser-atomic oscillator

❖ We aim to develop Chip-Scale Laser-
Atomic Oscillator (CSLAO), based on 
cesium (Cs) atoms, which naturally 
has 20x shorter wavelength compared 
to a 39K-LAO.

Anticipated features of a basic-version CSLAO:

• Low-power (≲20 mW, estimated based on the prior studies) 

• Extremely small (≪1 cm3)

• Low-g-sensitivity (10-12 ~ 10-14/g, calculated based on the 
prior studies) 

• Delivering stable electrical and optical timing signals

• Intrinsic frequency stability: 20x better in short term and up 
to 400x better in long term compared to 39K-LAO if there 
are no other dominant frequency-drift mechanisms.

Commercial CSAC CSLAO-based 
complete clock

A basic 
CSLAO
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First Cs-LAO demonstrated in history!

•The benchtop Cs-LAO setup is 
designed for adjustability and 
flexibility, and thus, it has 
poor mechanical stability. 

•The short-term stability is 
< 10−9 limited by the cavity 
instability. 

•The cavity instability will be 
mitigated once we build a 
compact CSLAO assembly. 

•Currently, the oscillation 
signal is detected optically 
using an ultrafast PD. But we 
shall observe the electric 
signal once the electric 
coupling is made. Top viewAngled view

7th-order cavity 
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Cs-LAO oscillates at different transitions

By adjusting the cavity settings, we can make a Cs-LAO oscillate at different Cs hyperfine 
transitions. Therefore, this Cs laser-atomic oscillator can be used as a clock or a magnetometer.

60-Hz ambient B-field with 2.4 mG 
amplitude. Sensitivity 10~100 fT/Hz1/2

3-3 transition

0-0 1-1 2-2 3-3

𝑚𝑓 = 4
𝑚𝑓 = −4

𝑚𝑓 = −3
𝑚𝑓 = 3

Cs ground-state hyperfine sublevels 
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Improvement of frequency drift and phase noise

Improving the frequency drift of the oscillation signal by enhancing mechanical stability:

Reducing the phase noise of the oscillation signal by optimizing operating parameters:
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Outlook

• Laser-atomic oscillator (LAO) is unconventional active atomic oscillator, and CSLAO 
is unique, unprecedented, and highly miniaturized atomic-device technology.

• The simplicity of CSLAO enables very-low SWaP, vapor-cell-based atomic clocks and 
magnetometers.

• Developing CSLAO is challenging but high-payoff. Success of this technology 
development will enable true chip-scale atomic clock devices. 

CSLAO Components

CSLAO Components in Tray
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