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Figure 4.5.1: Schematic and photo of a tiny atomic physics package used in
a chip-scale atomic clock. 

Figure 4.5.2: Physics and implementation strategies for small atomic clocks,
where the output frequency is determined by the energy of an atomic transition.

Figure 4.5.3: Anatomy of a chip-scale atomic clock. To date, tiny cells and giga-
hertz reference resonators have been successfully demonstrated with high Q, and
low power oven control has been achieved. Control and oscillator circuit power
consumption remain as bottlenecks to the 30mW goal.

Figure 4.5.5: Circuit schematic of a 61MHz series resonant reference oscillator
using a wine-glass disk resonator frequency-setting element with a Qof 48,000
in vacuum, and 10,000 in air.

Figure 4.5.6: Measured phase noise density versus carrier offset for the 10MHz
CC-beam oscillator of [6] and the 60MHz wine-glass oscillator of Figure 4.5.5,
with an extrapolation for the latter down to 10MHz for fair comparison.

Figure 4.5.4: Scanning electron micrograph (SEM) and measured frequency char-
acteristic for a 1.51-GHz polydiamond micromechanical disk resonator. The mea-
surement was performed without matching to the network analyzer, so the ampli-
tude is not indicative of actual loss.
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• Problem : �Pwave cavity dictates size
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• Solution : optical excitation (CPT)
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Fig. 3: Anatomy of a chip-scale atomic 
clock. To date, tiny cells and GHz reference
resonators have been successfully 
demonstrated with high Q, and low power 
oven control has been achieved. Control 
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