Status of the Low-AC-Power Cryogenic Sapphire Oscillators
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The cryogenic sapphire oscillator (CSO) is a highly specialized oscillator delivering a microwave
signal exhibiting extremely low instability. The Allan deviation o, (7) is of parts in 10715 at 1's, with

a flicker floor of parts in 10716, and some drift beyond a few hours. After the early American and
Australian experiments in liquid-He bath [1,2], we demonstrated the use of a closed-cycle refrigerator
at no cost in terms of stability. Prototypes #0 to #3 required 6-7 kW 3-phase AC power. The first
codenamed ELISA [3], was delivered to the ESA station in Malargie, Argentina, and #1-#3 were
built for Oscillator IMP, our platform of metrology. The second generation, called ULISS 2G, came
in 2015 starting from prototype #4. We used a new refrigerator requiring only 3 kW single phase AC,
which can be powered from a regular 230 V, 16 A outlet.

After the results shown at the 8" Frequency Standard and Metrology Symposium [4], we spent a
significant effort in understanding and engineering the oscillator. We gathered data about resonators
of different manufacturers, including the spread of Q and temperature turning point, related to the
frequency stability; and about the long-term operation, faults, interruptions, etc. Unlike optical FP
etalons, no lock fault has been detected in the CSO. Recent results are available in [5].
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