
Optical Atomic Clock based on Rb 2-photon transition
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Local Oscillator
(LO)

Servo

OUT

High Q reference

•Fractional frequency stability:

ωo

e

g

Unperturbed atom

σ (τ ) = 1
Q

1
S / N

1
τ

Ex: Cs microwave fountain
σ (τ ) ~10−14τ −1/2

quantum limit: 

Optical transitions
-higher Q’s
-many shifts independent of frequency (ie zeeman, collisional…)
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σ (τ ) ~10−18τ −1/2



Low SWaP clocks are critical for 
Position, Navigation, and Timing
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2-photon Rb clock transition

• Strong transition due to 
intermediate 5P3/2 state

• Narrow Doppler-free 
linewidth (~ 330 kHz)

• Utilizes simple room 
temperature gas cell

87Rb
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2-photon Rb clock transition



Coherent control of quantum excitation pathways

Rb cell
Comb excitation
à “chirp-free” pulses

Signal with no Doppler background

CW excitation

Doppler broaden background

Multi-transition/ multi-species excitation
For example: 
5S1/2à5D5/2

87Rb
5S1/2 à 7S1/2 87Rb

à Spectral and phase 
control 

Comb excitation

Doppler free signal

Comb excitation

à Spectral and phase 
control 



778.1 nm (>50 mW)
785.0 nm (>150 mW)

Physics package
(Rb module)

Er fiber frequency 
comb

RF clock output

Spectral shaping/selection and 
frequency doubling

𝝀𝟏 = 1556.2 nm
𝝀𝟐 = 1570 nm

𝝺 𝝺

atomic error signal

Our approach…

2-photon spectrum

Clock transition


